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PROMOTER DRIVEN TISSUE SPECIFIC CYTOTOXIC AGENTS 

AND METHODS OF USE 

PRIOR RELATED APPLICATIONS 

[1] This application claims the benefit of U.S. Application 09/686,631 filed on October 11, 

2000 and issued as on . It also claims the benefit of U.S. Provisional 

Patent Application No. 60/161,109, filed October 22, 1999, and U.S. Provisional Patent 
Application No. 60/224,382, filed August 9, 2000. 

FEDERALLY SPONSORED RESEARCH STATEMENT 

[2] This invention was made in part with United States Government support under grant 
number 2 ROl DK 46441-09 awarded by the National Institute of Health, and the United States 
Government has certain rights in the invention. 

REFERENCE TO MICROFICHE APPENDIX 

[3] Not applicable. 

FIELD OF THE INVENTION 

[4] This invention relates to selective targeting of cells with cytotoxic genes using 
fingerprinting promoter driven specific cytotoxic genetic constructs and transcription factors, and 
to methods for using these constructs and transcription factors to treat diseases of the pancreas, 
and, in particular, to an RBP-tk (rat insulin promoter-thymidine kinase) construct that selectively 
targets insulin secreting cells, such as beta (P) cells, and certain human pancreatic ductal 
carcinoma cells, to cause cell death. 
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BACKGROUND OF THE INVENTION 

[5] P-cell adenomas (insulinomas) are the most common of the islet cell tumors. Ninety 
percent of P-cell tumors are benign, however morbidity associated with their removal is 
significant. Malignant insulinomas have a 63% five-year recurrence rate with an average survival 
less than four years (Proye, C, 68 AUST. N.Z.J. SURG. 90-100 (1998)). Furthermore, there is no 
effective medical treatment for the devastating symptoms associated with hyperinsulinemia as a 
result of either insulinoma or nesidioblastosis (idiopathic hyperinsulinemia). Pancreatic ductal 
adenocarcinoma (PDA) likewise remains a devastating disease with a less than three percent five 
year survival rate. 

[6] Over 28,000 patients will be diagnosed with pancreatic cancer this year of which over 
27,000 will die of their disease within five years (Yeo Cj, et al., Neoplasms of the Pancreas 
Exocrine Tumors in SABISTON TEXTBOOK OF SURGERY 1171-1175 (Sabiston DC, et al. 
eds., 1997)). The majority of pancreatic tumors arise from ductular cells, resembling cells found 
in the early embryonic pancreas. Currently, only surgery offers any chance for a cure and the 
majority of the time the cancer has spread before it is detected. 

[7] Cancer specific promoters are being identified and are being used in an effort to modify 
the expression of thymidine kinase in tumor cells (Tanaka T, et al, 231 BIOCHEM. BIOPHYS. 
RES. COMMUN. 775-779 (1997); DiMaio J, et al., 116[2] SURG. 205-213 (1994); Osaki T, et 
al., 54 CANCER RES. 5258-5261 (1994); Kaneko S, et al., 55 CANCER RES. 5283-5287 

(1995) ; Robertson M, et al., 5[5] CANCER GENE THER. 331-336 (1998); Siders W, et al., 5[5] 
CANCER GENE THER. 181-291(1998); Vandier D., et al., 58 CANCER RES. 4577-4590 
(1998)). However, these therapies have limitations due to either the weakness of the promoter or 
the tissue specificity of its activation. The herpes simplex thymidine kinase (HSV tk) gene, under 
the transcriptional control of a ubiquitous promoter, has been introduced into a host and caused 
significant cell death in the presence of ganciclovir (Bonnekoh B, et al., 104 J. INVESTIG. 
DERMAT. 313-317 (1995); Al-Hendy A, et al., 43 GYNEC. OBST. INVESTIG. 268-275 
(1997); Eastham J, et al., 7 HUMAN GENE THER. 515-523 (1996); Chen S-H, et al., 91 PROC. 
NATL. ACAD. SCI. USA 3054-3057 (1994); Tong X, et al., 61 GYNEC. ONCOL. 175-179 

(1996) . Ganciclovir (GCV), an analogue of guanosine, requires both mammalian and viral tk to 
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become active. In viral thymidine kinase containing cells, GCV is phosphorylated into an 
intermediate that kills dividing cells by inhibiting DNA synthesis and acting as a chain 
terminator (Mathews T, et al., 10 REV. INFECT. DIS. 180-192 (1992); Moolten FL, 50 
CANCER RES. 7820-7825 (1986)). However, thymidine kinase with a ubiquitous promoter is 
not cell specific, limiting its use as a cytotoxic agent. 

[8] With the identification of tissue specific promoters, one can target therapies and 
selectively turn on genes in specific cell types, important goals in gene therapy. Cell specific 
strategies depend on a cell specific promoter that can activate the suicide gene only in the 
targeted tumor. To accomplish this, activation of the promoter-suicide construct should require 
the presence of transcription factors in the targeted tumor that will activate the promoter. In 
addition, an effective gene delivery system is needed. However, prior to the present invention, a 
method to express selected genes solely in J3 cells and other cells of pancreatic origin had not 
been developed. Such a method would provide a useful tool for development of treatment for 
insulinoma, nesidioblastosis and other pancreatic cancers. 

[9] Currently, there is no effective treatment for pancreatic 3 -cell tumors or pancreatic ductal 
adenocarcinomas. Consequently, there is a need for an effective and selective treatment for these 
diseases, as well as other diseases due to abnormal pancreatic cells. 

SUMMARY OF THE INVENTION 

[10] The present invention overcomes the problems and disadvantages associated with 
current strategies and designs and provides a novel recombinant nucleic acid comprising an RIP- 
tk construct useful for the selective targeting and ablation of cells, such as cells comprising one 
or more specific transcription factors. The invention is particularly useful for the treatment of 
pancreatic cancer and other diseases of or affecting the pancreas. 

[11] Accordingly, one embodiment of the invention is directed to a method for selectively 
expressing a target gene in a pancreatic cell comprising delivering to the cell an effective amount 
of an agent containing a recombinant nucleic acid sequence, the sequence comprising an insulin 
promoter, such as a rat insulin promoter, operatively linked to the target gene. The cell may 
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naturally contain or be cotransfected with one or more insulin promoter transcription factors 
selected from the group consisting of BETA-2, GATA4, E47 and PDX-1. 

[12] Another embodiment of the invention is directed to a method for selectively ablating 
pancreatic cells in an individual comprising administering to the individual an effective amount 
of an agent comprising a recombinant nucleic acid sequence. The recombinant nucleic acid 
sequence preferably comprises a cytotoxic gene operatively linked to an insulin promoter, such 
as the rat insulin promoter. The pancreatic cells preferably express one or more transcription 
factors selected from the group consisting of BETA-2, GATA4, E47 and PDX-1. Preferably, the 
cytotoxic gene is a nucleic acid encoding viral thymidine kinase (tk), and the method further 
comprises the step of administering ganciclovir, acyclovir, FIAU or 6-methoxypurine 
arabinoside to the individual in an amount effective to ablate the cells. 

[13] Another embodiment is directed to a method for selectively ablating a target in an 
individual comprising transfecting the individual with an agent comprising a recombinant 
nucleic acid sequence comprising a thymidine kinase gene operatively linked to an insulin 
promoter, such as a rat insulin promoter, and administering to the individual an effective amount 
of ganciclovir, acyclovir, FIAU or 6-methoxypurine arabinoside in an amount sufficient to cause 
ablation of the target. Preferably, the target comprises cells that naturally express or are 
cotransfected with one or more rat insulin promoter transcription factors selected from the group 
consisting of BETA-2, GATA4, E47 and PDX-1. 

[14] Another embodiment is directed to a method for the production of a protein in a cell 
comprising delivering a nucleic acid molecule to the cell, wherein the nucleic acid molecule 
comprises an insulin promoter operatively linked to a structural nucleic acid sequence encoding 
the protein, and the cell comprises the PDX-1 transcription factor after delivery of the nucleic 
acid molecule. 

[15] Another embodiment of the invention is directed to a method for ablating cells in an 
individual comprising delivering an agent to the individual, wherein the agent comprises a 
nucleic acid molecule, and the nucleic acid molecule comprises an insulin promoter operatively 
linked to a structural nucleic acid sequence encoding a cytotoxic protein. 
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[16] Another embodiment of the invention is directed to a method for treating a metabolic 
disease, such as hypoglycemia or hyperinsulinemia, in an individual comprising administering to 
the individual an effective amount of an agent comprising a recombinant nucleic acid sequence 
comprising a cytotoxic gene operatively linked to an insulin promoter. Preferably, the cytotoxic 
gene encodes thymidine kinase and the method further comprises the step of administering to the 
individual an agent, such as ganciclovir. 

[17] Another embodiment of the invention is directed to a method of treating a metabolic 
disease in an individual comprising delivering an agent to the individual, wherein the agent 
comprises a nucleic acid molecule, and the nucleic acid molecule comprises an insulin promoter 
operatively linked to a structural nucleic acid sequence encoding a cytotoxic protein. 

[18] Another embodiment is directed to a composition for selectively causing regression 
or ablation of a pancreatic cell comprising a recombinant nucleic acid sequence which comprises 
a thymidine kinase gene operatively linked to an insulin promoter, such as the rat insulin 
promoter. 

[19] Another embodiment of the invention is directed to an isolated nucleic acid molecule 
comprising an insulin promoter operatively linked to a structural nucleic acid sequence encoding 
a cytotoxic protein. 

[20] Another embodiment of the invention is directed to a kit comprising an isolated 
nucleic acid molecule, wherein the isolated nucleic acid molecule comprises an insulin promoter 
operatively linked to a structural nucleic acid sequence encoding a cytotoxic protein. Preferably, 
the nucleic acid molecule is contained in a first container, and the kit further comprises one or 
more agents selected from the group consisting of ganciclovir, acyclovir, FIAU, and 6- 
methoxypurine arabinoside contained in the same or a second container. 

[21] Another embodiment of the invention is directed to a method for increasing the 
secretion of insulin in an individual comprising reducing the concentration of the somatostatin 
receptor. 
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[22] Other embodiments and advantages of the invention are set forth in part in the 
description which follows, and in part, will be obvious from this description, or may be learned 
from the practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[23] Fig. 1A is a dose response curve for NIT-1 cells given GCV. 
[24] Fig. IB is a dose response curve for F9 ceils given GCV. 

[25] Fig. 2 is a bar graph showing the percent cell survival of NIT-1 cells transfected with 
nothing (C), a hollow vector (V), and RIP-tk with increasing levels of GCV. 

[26] Fig. 3 is a bar graph showing the percent cell survival of F9 cells transfected with 
nothing (C), a hollow vector (V), RIP-tk, and MC-l-tk with increasing levels of GCV. 

[27] Fig. 4 is a graph showing blood sugars of ICR/scid mice injected EP with 5 x 10 6 
NIT-1 cells, showing that NIT-1 cell tumors were successfully targeted with the RIP-LacZ gene. 

[28] Fig. 5 A is a dose response curve for PANC-1 cells given GCV. 

[29] Fig. 5B is a dose response curve for CAPAN-1 cells given GCV. 

[30] Fig. 5C is a gel electrophoresis for RT-PCR products of PANC-1, CAPAN-1 and 
MIA-1 RNA, with primers specific for PDX-1 and BETA-2. 

[31] Fig. 6A is an EMSA of PANC-1 nuclear extract mixed with <x 32 P dGTP labeled RIP 
primer containing a PDX-1 binding site (CTTAAT). 

[32] Fig. 6B is an EMSA of CAPAN-1 nuclear extract mixed with a 32 P dGTP labeled RIP 
primer containing a PDX-1 binding site (CTAAT). 

[33] Fig. 7 is a glucose stimulated insulin versus time curve for 3-month-old and 12- 
month-old KO and wt mice. 
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[34] Fig. 8 is a photograph of stained cells demonstrating the expression of RIP-LacZ in 
vivo in PANC-1 cells. 



[35] Fig. 9 contains two bar graphs depicting the cell survival percentages of NIT- 1 (left) 
and F9 (right) cell lines following transfection and GCV treatment. 



DESCRIPTION OF EMBODIMENTS OF THE INVENTION 



[36] The following sequence listings form part of the present specification and are 

included to further demonstrate certain aspects of the present invention. The invention may be 
better understood by reference to one or more of these sequences in combination with the 
description of the invention presented herein. 



SEQ ID NO: 1 is a fragment of the rat insulin promoter. 

SEQ ID NO:2 is the BETA-2 site CANNTG. 

SEQ ID NO:3 is the PDX-1 site TAAT. 

SEQ ID NO:4 is the PDX-1 binding site CTTAAT. 

SEQ ID NO:5 is the mouse PDX-1 primer forward bps 281-300. 

SEQ ID NO:6 is the mouse PDX-1 primer reverse bps 1227-1201. 

SEQ ID NO: 7 is primer forward bps 944-964 specific for both human and mouse BETA-2 

RNA. 

SEQ ID NO: 8 is primer reverse bps 1227-1207 specific for both human and mouse BETA-2 

RNA. 

SEQ ID NO:9 is a probe containing a BETA-2 site and a PDX-1 site. 

SEQ ID NO: 10 is primer forward bps 192-210 for human PDX-1 RNA. 

SEQ ID NO: 1 1 is primer reverse bps 644-624 for human PDX-1 RNA. 

SEQ ID NO: 12 is PDX-1 binding site CTCCCC. 

SEQ ID NO: 13 is PDX-1 binding site AT AT AC. 

SEQ ID NO: 14 is a primer adding a Hindlll restriction site. 

SEQ ID NO: 15 is a primer adding a BgHI restriction site. 

[37] As embodied and broadly described herein, the present invention is directed to 

selective targeting of pancreatic cells with cytotoxic genes using promoter driven specific 

cytotoxic genetic constructs and transcription factors, and to methods for using these constructs 

and transcription factors to treat cancer and other diseases. 



[38] Specifically, the present invention is directed to an RIP-tk (rat insulin promoter- 
thymidine kinase) construct that selectively targets insulin secreting cells, such as beta P cells 
and certain human pancreatic ductal carcinoma cells (PDX-1 positive), to cause cell death. 
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[39] Currently, there is no effective medical treatment for pancreatic P-tumors or 
insulinomas. Existing therapies which employ promoter-thymidine kinase constructs are not 
tumor-specific, which limits their efficacy. It has been discovered that by using an insulin 
promoter coupled to a suicide gene, the efficacy of pancreatic P-cell tumor gene therapy may be 
greatly increased. The present invention is useful for treatment of insulin secreting tumors as 
well as in the development of new adjuvant gene therapies for patients with pancreatic P-cell 
tumors or insulinomas. The invention may also be used to treat PDX-1 positive pancreatic ductal 

ratirprc anH VivnnaU/rpmia 

[40] The present invention demonstrates that pancreatic tumor specific cytotoxicity can be 
achieved through the use of promoter specific gene therapy. For example, it has been discovered 
that the rat insulin promoter coupled to the thymidine kinase gene can be used with GCV to 
specifically cause cell cytotoxicity in a mouse insulinoma (NIT-1) cell line and in PDX-1 
positive human pancreatic ductal cancer cells. By coupling rat insulin promoter to a suicide gene, 
mouse insulinoma cell line (NIT-1 cells) were ablated both in vitro and in vivo with GCV. 
Similar results were achieved with PDX-1 positive human pancreatic ductal cancer cells. As 
such, it has been discovered that by operatively linking a suicide gene, such as thymidine kinase, 
to an insulin promoter, the thymidine kinase gene will be selectively activated in P-cell tumors 
and certain pancreatic ductal cancers, thereby causing tumor cell death. 

[41] Furthermore, the cytotoxic effect of RIP-tk may be enhanced in the presence of RIP 
transcription factors such as, for example, PDX-1, BETA-2, GATA4, and E47. These 
transcription factors increase the efficiency of RIP, and are useful in studies of how the promoter 
works. 

[42] As indicated in greater detail in the examples below, it has been or will be shown 
that: a) rat insulin promoter (RIP) will drive the expression of the reporter gene P-galactosidase 
(LacZ), in vitro, in a mouse insulinoma cell line (NIT-1) and in human pancreatic ductal 
adenocarcinoma cell lines (PANC-1, CAPAN-1); b) NIT-1, PANC-1 and CAPAN-1 specific 
ablation can be achieved in vitro using thymidine kinase coupled to RIP (RIP-tk) followed by 
ganciclovir (GCV) treatment; c) RIP transcription factor BETA-2 regulates the expression of 
RIP-tk in NIT-1 cells while PDX-1 regulates expression in human pancreatic ductal carcinoma 
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(CAPAN-1 and PANG-1) cell lines; d) the cytotoxic effect of RIP-tk in vitro can be enhanced by 
cotransfection of RIP transcription factors, BETA-2, GATA4, PDX-1 and E47; e) RIP will drive 
the expression of LacZ in a mouse insulinoma model and in a PDX-1 positive human pancreatic 
ductal carcinoma mouse model in vivo; f) insulinoma-specific ablation can be achieved in vivo 
using the RIP-tk gene followed by GCV treatment; and g) RIP-tk followed by GCV treatment 
can be used to ablate PDX-1 positive human pancreatic ductal carcinoma in vivo. 

[43] P-cell specific cytotoxicity using a rat insulin promoter-thymidine kinase 
construct: It has been discovered that a RIP-tk construct may be used to selectively target p- 
cells. The rat insulin promoter (RIP) is a strong cell specific promoter that is activated in cells 
that produce insulin. It has been discovered that by incorporating RIP into a construct with the 
suicide gene, thymidine kinase gene (tk), both in vitro and in vivo P-cell specific cytotoxicity 
may be achieved, and that such constructs may be used to selectively kill proliferating p-cells, 
preventing hypoglycemia and animal death. 

[44] The rat insulin promoter (RIP; see Crowe D et al., 9 MOLEC. CELL BIOL. 1784- 
1789 (1989); Ray M, et al., 25 INT. J. PANCREATOL. 157-163 (1999)) was studied to 
determine its usefulness to selectively target NIT-1 cells (mouse beta (P) cell tumor line derived 
from the non-obese diabetic mouse (Hamaguchi D, et al., 40 DIABETES 842-844 (1991)) and to 
determine the transcription factors responsible for NIT-1 cell specific activation of RIP. In 
addition, the effect of the RIP-tk construct on both blood glucose levels and life expediency in 
mice inoculated with NIT-1 cells was evaluated. 

[45] As shown in Examples 1, 5 and 6, below, the data confirm that the RIP is a P-cell 
specific promoter. It has been discovered that p-cell specific cytotoxicity can be accomplished 
and P cells can be selectively targeted for destruction using RIP coupled to the suicide gene, 
thymidine kinase. Further, animals can be rescued from the devastating effects of hypoglycemia 
induced by p-cell adenomas (NIT-1 cells) using such constructs. 

[46] It has been determined that 0.502 kb of RIP (SEQ ID NO:l) contains elements to 
maximally drive the expression of a gene. These elements include six BETA-2 sites (CANNTG; 
SEQ ID NO:2) and three PDX-1 sites (TAAT; SEQ ID NO:3), one of which contains the 
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sequence CTTAAT (SEQ ID NO:4), which is the most favorable PDX-1 binding sequence. This 
smaller fragment allows for the development of smaller constructs. Such fragments make the 
creation of the constructs technically easier, increase the transfection efficiency in vitro, and aid 
in the development of in vivo gene delivery systems. 

[47] In an initial study, RIP was used to drive expression of the LacZ gene in a variety of 
cell lines, including NIT-1, F9, 3T3, H411 and CV-1 cells. NIT-1 cells form fj-cell tumors when 
injected into the peritoneum of mice with the mice dying of hypoglycemia within one hundred 
days. Mouse embryonic carcinoma cell line F9, mouse fibroblast cell line 3T3 and mouse lung 
cell line H41 1 were chosen as control cells because they represent a variety of rodent cell types. 
Monkey renal CV-1 cells were also included as a control to represent a higher mammalian 
species. 

[48] Despite the variety of cell types, as shown in Examples 1 and 5, the RIP-LacZ gene 
failed to display any LacZ gene expression in any of the control cells, despite staining using the 
RSV-LacZ gene in the same cells. However, in NIT-1 cells, the RIP-LacZ gene consistently 
expressed beta-galactosidase protein, confirming that RIP is a 0-cell specific promoter. In 
addition, significant decrease in cell survival was observed in NIT-1 cells transfected with RIP- 
tk, in vitro (p<0.05, n=48). 

[49] RT-PCR was performed looking for the transcription factors BETA-2 and PDX-1 
because they have been shown to be responsible for activation of the rat insulin promoter in the 
islets of a rat (Sander M, et al., 75 MOL MED. 327-340 (1997)). Messenger RNA for both 
BETA-2 and PDX-1 was found in NIT-1 cells. 

[50] Because the mere presence of mRNA for either BETA-2 or PDX-1 in the cells under 
study does not prove that they are responsible for RIP activation, EMSA were performed with an 
oligonucleotide that contained both a BETA-2 site and a PDX-1 site. A supershift was observed 
for both BETA-2 and PDX-1. Specifically, supershift analysis with both BETA-2 and PDX-1 
antibodies substantiated that these two transcription factors are in part responsible for RIP 
activation in NIT-1 cells. 
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[51] In vivo studies were also performed. In one study, NIT-1 cell tumors were 
successfully targeted with the RIP-LacZ gene. In addition, mice inoculated with NIT-1 cells 
developed clinically relevant tumors with hypoglycemia and death at sixty days post inoculation. 
However, the in vivo delivery of the RIP-tk gene in combination with GCV inhibited 
hypoglycemia and animal death (n=30, p<0.05). 

[52] In sum, the data demonstrate that a P-cell tumor line can be targeted, in vitro and 
in vivo, for genetic manipulation using the rat insulin promoter. As shown in the examples, only 
the beta (NIT-1) cells stained blue after X-gal staining (p<0.05, n=16) or had detectable levels of 
beta-galactosidase protein (p<0.05, n=6) in vitro. The RIP-tk genetic construct resulted in NIT-1 
specific cytotoxicity. F9 cells demonstrated no decrease in cell survival with the RIP-tk gene 
suggesting that there was no transcription of the thymidine kinase gene with the rat insulin 
promoter in F9 cells. RIP-tk in combination with GCV inhibited hypoglycemia and death in mice 
with NIT-1 tumors. Thus, the rat insulin promoter may be used to achieve P-cell specific 
cytotoxicity with the tissue specific activation of thymidine kinase. 

[53] The PDX-1 positive human pancreatic ductal carcinoma cells can be targeted 
using a RIP-tk construct: It has also been discovered that a RIP-tk construct may be used to 
target PDX-1 positive human pancreatic ductal carcinoma cells. As used herein, "PDX-1 
positive" means cells that naturally contain or comprise, or are modified to contain or comprise, 
a PDX-1 transcription factor. 

[54] The adult mammalian pancreas is composed of two distinct glands with different 
functions: the islets and the exocrine glands. However, there exists increasing evidence that these 
cell types originate from a single cell early in embryonic development (St-Onge L, et al., 9(3) 
CURB. OPIN. GENET. DEV. 295-300 (1999)). PDX-1 both plays an important role in early 
pancreatic development and in P-cell specific activation of the insulin promoter in mature islets. 
(Ahlgren U, et al., 12(12) GENES DEV. 1763-1768 (1998)). 

[55] Pancreatic ductal carcinoma resembles cells found early throughout the embryologic 
pancreas. Human ductal pancreatic adenomcarcinoma (PDA) cells are hypothesized to arise from 
a pluri-potential stem cell. It has been determined that these cells contain the transcription factor 
PDX-1. Although PDX-1 plays an important role in embryonic pancreatic development, it is 
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normally found only in the mature islets and activates the insulin promoter. Following 
investigation, it was discovered that human pancreatic ductal carcinoma cell lines could also be 
targeted both in vivo and in vitro using the rat insulin promoter (RIP) to drive the suicide gene 
thymidine kinase (tk). In addition, the transcription factor (PDX-1) responsible for insulin 
promoter activation in these cells was identified. 

[56] Specifically, it was hypothesized that human pancreatic ductal carcinoma cell lines 
retain their ability to produce the transcriptional machinery needed to activate the insulin 
promoter. To confirm this, the rat insulin promoter (REP) was studied to determine if it could 
selectively target human pancreatic ductal carcinoma cells for genetic manipulation in culture 
using the suicide gene thymidine kinase (tk) followed by ganciclovir (GCV). Experiments were 
also undertaken to identify the transcription factor(s) responsible for insulin promoter activation 
in these cancer cells. The insulin promoter's activation is normally limited to (3-cells and a 
genetic construct containing the suicide gene thymidine kinase driven by RIP should only effect 
dividing cells with the transcriptional machinery available to activate the insulin promoter. 

[57] The resulting data as shown in Examples 2-4, indicate that the RIP-tk gene is able to 
target PDX-1 positive human pancreatic ductal carcinoma cells (both PANC-1 and CAPAN-1 
cells), in vitro and in vivo, and further, that cell-specific cytotoxicity of human pancreatic ductal 
carcinoma cells can be achieved using a RIP thymidine kinase construct and GCV in vitro and in 
vivo. The data also indicate that the transcription factor PDX-1, important in early embryonic 
pancreatic development, is responsible for both the activation and the targeting of the rat insulin 
promoter in PDA cells. In addition, a liposomal gene delivery system was shown to be effective 
in vivo in scid mice. 

[58] In the development of the RIP-tk and RIP-LacZ genetic constructs, the 0.502 kb that 
is useful for maximal transcription of a gene was used (Frazier ML, 880 ANNALS N.Y. ACAD. 
SCI. 1-4 (1999)). As noted, these 502 base pairs contain six E box binding sites for the 
transcription factor BETA-2 and three PDX-1 binding sites, of which only one contains the most 
favorable PDX-1 binding sequence (CTTAAT). Both BETA-2 and PDX-1 are found and are 
responsible for insulin promoter activation in rodents and humans, however BETA-2 appears to 
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play a dominant role in rodents while PDX-1 is dominant in humans (Frazier ML, 880 ANNALS 
N.Y. ACAD. SCI. 1-4(1999)). 

[59] A number of cell types were used in the study. PANC-1, CAPAN-1, and MIA-1 cells 
are all human pancreatic ductal carcinoma cell lines derived from three different humans (Lieber 
M, et al., 15(5) INT J. CANCER 741-7 (1975)). These cells form clinically relevant pancreatic 
ductal cell tumors when injected into the peritoneum of mice (Schwartz RE, et al., 126(3) 
SURGERY 562-567 (1999)). Human small cell lung carcinoma cell line A549, and human breast 
carcinoma cell line (T47D) were also chosen as control cancer cell lines because they represent a 
variety of undifferentiated human tissues. 

[60] To determine whether these cell lines contained RIP activating promoters, RT-PCR 
was performed on whole RNA isolated from PANC-1, CAPAN-1, and MIA-1 cells looking for 
the presence of known RIP transcription factors BETA-2 and PDX-1. BETA-2 was chosen 
because it appears to be the dominant transcription factor in rodents and therefore responsible for 
the majority of the activation of RIP in these animals (Naya FJ, et al., 11 GENES DEV. 2323- 
2334 (1997)). The 502 base pair RIP used in the experiment contain six E box binding sites for 
BETA-2 and three PDX-1 sites. Message for PDX-1 was found in PANC-1 and CAPAN-1 cell 
lines but not in MIA-1. No message for BETA-2 was found in any of the cell types. 

[61] As noted, PDX-1 is responsible both for early embryonic pancreatic development and 
for insulin promoter activation in the mature islet. Normally, it is not found outside the p-cell 
once the pancreas matures (St-Onge L, et al., 9(3) CURB. OPIN. GENET. DEV. 295-300 
(1999); Ahlgren U, et al., 12(12) GENES DEV. 1763-1768 (1998); Frazier ML, 880 ANNALS 
N.Y. ACAD. SCI. 1-4 (1999)). Interestingly, a message for PDX-1 was discovered in the human 
pancreatic ductal carcinoma cell lines PANC-1 and CAPAN-1, but not in MIA-1. 

[62] To further demonstrate that PDX-1 is responsible for RIP activation in PANC-1 and 
CAPAN-1 cells, nuclear extract was obtained and assayed to see if any nuclear proteins bound to 
the PDX-1 binding site were found on RIP. Once binding was established, an antibody specific 
for PDX-1 was added to identify if the PDX-1 protein is the nuclear protein bound to RIP. The 
resulting data confirmed that the transcription factor PDX-1 is present in PANC-1 and CAPAN-1 
cells and binds to RIP. 
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[63] It was then hypothesized that RIP-driven cytotoxic constructs would work in PDX-1 
positive cancer cell lines. This was confirmed as follows. 

[64] Utilizing a RIP-driven marker gene, RIP-LacZ, only PANC-1 and CAPAN-1 
demonstrated LacZ gene expression in vitro, whereas the other cell lines did not. All cell lines 
displayed LacZ gene expression using the ubiquitous promoter LacZ construct (RSV-LacZ) 
(Table 1). These results supported the use of RIP as cell specific promoter to drive the expression 
of genes in PDX-1 positive human pancreatic ductal carcinoma cell lines. 

[65] The effectiveness of the cytotoxic gene construct, RIP-tk, was studied in vitro and 
found to selectively kill PANC-1 and CAPAN-1 cells, but not the other cell lines. No killing of 
PANC-1 and CAPAN-1 was seen with in untransfected cells given GCV alone or with the use of 
a hollow vector. All cell lines demonstrated an increase in cell death with the RIP-tk gene 
governed by a ubiquitous promoter. These data demonstrate RIP-tk cell-specific cytotoxicity of 
PDX-1 -positive, pancreatic cancer cell lines in vitro. 

[66] To confirm that PDX-1 was responsible for the in vitro effects, the PDX-1 binding 
site on the RIP was mutated. There are three PDX-1 binding sites, however the PDX-1 site 
(CTTAAT) was chosen because it is the dominant binding site and is close to the 3 1 end of the 
promoter, making it easier to mutate using PCR technology. LacZ gene expression in PANC-1 
and CAPAN-1 cell lines transfected with the mutated RIP-LacZ construct was negligible 
compared to that seen with the unmutated RIP-LacZ construct. These data indicate that PDX-1 is 
useful for RIP activation of gene expression in these cell lines. 

[67] More specifically, as shown in Example 2, only the pancreatic ductal carcinoma cells 
PANC-1 turned blue after X-gal staining (p<0.05, n=32 per cell type) and only PANC-1 and 
CAPAN-1 cells had detectable levels of beta-galactosidase protein (p<0.05, n=16). A significant 
increase in cell death was observed in PANC-1 and CAPAN-1 cells transfected with RIP-tk, 
while no significant increase in cell death was observed in A549 or MIA-1 cells transfected with 
RIP-tk (p<0.05, n=32). PANC-1 and CAPAN-1 cells contained RNA for PDX-1, but not for 
BETA-2. MIA-1 cells did not contain RNA for either PDX-1 or BETA-2. A super shift was 
observed with the PDX-1 antibody and nuclear extract from both PANC-1 and CAPAN-1. 
Decreased levels of beta-galactosidase protein was found in PANC-1 and CAPAN-1 cells 
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transfected with the mutated RIP-LacZ gene when compared to the wild type RIP-LacZ gene 
(p<0.05, n=8). 

[68] The effectiveness of RIP-LacZ and RIP-tk gene constructs against PANC-1 was then 
studied in vivo using a scid mouse model. Scid mice are immunodeficient and will not reject a 
human pancreatic cancer cell line. PANC-1 cells were injected intraperitoneal^ and tumors were 
visible by day 24. Once the model was established in the laboratory, the mice were treated with 
the gene therapy beginning at day 24 post-tumor-injection. A liposomal gene-delivery system 
was chosen for simplicity and effectiveness (Schwarz RE, et al., 126(3) SURGERY 562-567 
(1999); Smyth-Templeton N, et al, 15 NATURE BIOTECHNOL. 647-652 (1997)). The 
liposomal gene construct was delivered intraperitoneally and mice were given GCV 
intraperitoneal^ twice per day for 14 days. Following treatment, mice were observed for 60 days 
and sacrificed. 

[69] At necropsy, all nine mice treated with the gene therapy/GCV had no visible 
pancreatic tumors and one of nine had microscopic tumors on the liver. All control groups had 
large tumors. These data confirm that human PANC-1 cells can be selectively killed using 
systemic delivery of RIP-tk/GCV gene therapy. 

[70] The resulting data supports the hypothesis that pancreatic ductal carcinoma represents 
a de-differentiated cell found early in embryological development containing properties found 
both in the exocrine pancreas and in the mature islet and therefore able to activate the insulin 
promoter. The data also demonstrates that RIP can be used to target certain human pancreatic 
ductal carcinoma cell lines in vivo and in vitro. The data demonstrates that the RIP-tk gene may 
be used with GCV to target and kill these cells. The data also indicates that the transcription 
factor PDX-1, important in early embryonic pancreatic development, is responsible for the 
activation of the rat insulin promoter in these cells. 

[71] Example 3, further corroborates that human ductal pancreatic adenocarcinoma (PDA) 
cells that contain the transcriptional machinery to activate RIP (e.g., PDX-1 positive) can be 
targeted with a RIP-tk gene. PDA cell lines CAPAN-1 (C-l) and MIA-1 (M-l) were evaluated to 
determine if they could be targeted using the rat insulin promoter (REP) driving the thymidine 
kinase gene (tk). In addition, the transcription factors known to activate RIP in rodents (PDX-1 
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or BETA-2) were evaluated to determine which were responsible for RIP activation in human 
PDA cells. 

[72] As shown in Example 3, the resulting data provide further confirmation that RIP can 
drive the expression of a gene in human PDA cells (CAPAN-1), and that the transcription factor 
PDX-1 is useful for promoter activation in human PDA cells. 

[73] In sum, PDX-1 positive human pancreatic cancer-specific cytotoxicity was achieved 
both in vivo and in vitro using RIP to drive the suicide gene, thymidine kinase. RIP activation of 
these cell lines was shown to be regulated by the transcription factor, PDX-1. 

[74] Alterations in insulin secretion in the SSTR-5 knock out mouse using the isolated 
perfused mouse pancreas model: In addition, alterations in insulin secretion in the somatostatin 
subtype receptor 5 knock out mouse using the isolated perfused mouse pancreas model were 
studied. The inhibitory biological activities of somatostatin are mediated by five high affinity 
receptors that all have been identified in the islets of Langerhan. (Kumar U, et al, 48(1) 
DIABETES 77-85 (1999)). In mouse isolated islets, a SSTR-5 specific agonist inhibited insulin 
secretion, implicating SSTR-5's role in insulin homeostasis. (Fagen SP, et al., 124(2) SURGERY 
254-258 (1998)). Recently, SSTR-2 has been shown to be involved in glucagon inhibition. 
(Strowski MZ, et al., 141(1) ENDOCRINOL. 1 1 1-7 (2000)). 

[75] The mouse SSTR-5 gene was cloned and ablated by homologous recombination to 
further elucidate its role in insulin homeostasis. Whole pancreata of young (three-month-old) and 
old (twelve-month-old) mice were isolated and perfused to determine the effect glucose 
stimulation has on insulin secretion in mice lacking the SSTR-5 gene over time. 

[76] As shown in Example 8, histological sections of islets suggest there is no difference 
in islet cell morphology between 3-month-old KO and 3-month-old wt mice or 12-month-old KO 
and 12-month-old wt mice. There were no differences in weight between KO and aged 
match controls. There were no differences in basal insulin secretion between any of the mice. 
Additionally, glucose stimulation caused in a significant increase in insulin secretion compared 
to basal in all mice. Three-month-old KO mice demonstrated a blunted first phase that was 
significant compared to all other mice (Table 8 and Fig. 7 ). Twelve-month-old KO mice 
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demonstrated a significant augmentation of both first phase and second phase compared to all 
other groups (Table 8 and Fig. 7). 

[77] As such, the phenotype of the SSTR-5 KO mouse appears to be a blunted first phase 
in 3 -month-old mice and an augmentation of glucose stimulated insulin secretion in 12-month- 
old mice. The data suggest that the SSTR-5 gene is involved in the regulation of glucose 
stimulated insulin secretion and has a limited role in basal insulin secretion. The data suggests 
that the genotypic loss of the SSTR-5 gene is partially compensated for in mice at three months 
of age. However, as the mice age to 12 months these compensatory mechanisms are no longer 
functional and an augmentation of glucose stimulated insulin secretion is seen. It maybe 
concluded that SSTR-5 gene regulates glucose stimulated insulin secretion and alterations of 
insulin release occur in the perfused pancreata of both 3 -month-old and 12-month-old SSTR-5 
genetically ablated mice. 

[78] Accordingly, one embodiment of the invention is directed to a method for selectively 
expressing a target gene in a pancreatic cell. This method comprises the step of delivering to the 
cell an effective amount of an agent containing a recombinant nucleic acid sequence, the 
sequence comprising an insulin promoter operatively linked to the target gene. Although insulin 
promoters from various species of animals, including man, may be used in the practice of the 
invention, in a preferred embodiment, the insulin promoter is a rat insulin promoter. 

[79] The agent may be delivered to the cell using any suitable means, such as by 
cotransfection. In one embodiment, the agent is delivered by infecting with a recombinant viral 
vector, such as a recombinant adenovirus. For example, a gutless adenovirus may be prepared 
per the protocol of Hardy et al. (Smyth-Templeton N, et al., 15 NATURE BIOTECHNOL. 647- 
652 (1997); Hardy S, et al., 71(3) J. VIROL. 1842-1849 (1997)), or by using the gutless 
adenovirus available from the Shell Center for Gene Therapy, Baylor College of Medicine 
(Houston, Texas). 

[80] Alternately, a liposomal gene delivery system may be used. For example, liposomal 
complexes, such as those available from the Shell Center for Gene Therapy, Baylor College of 
Medicine, may be used. Alternately, liposomal complexes may be prepared per the protocols of 
Schwarz RE, et al., 126(3) SURGERY 562-567 (1999), and Smyth-Templeton N, et al., 15 
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NATURE BIOTECHNOL. 647-652 (1997). Liposome gene constructs may be delivered using 
any suitable route of delivery, but in a preferred embodiment are delivered intraperitoneally. 

[81] The pancreatic cell is preferably one that expresses one or more transcription factors 
selected from the group consisting of BETA-2, GATA4, E47 and PDX-1. If desired, the method 
may further comprise cotransfecting the cell with one or more insulin promoter transcription 
factors selected from the group consisting of BETA-2, GATA4, E47 and PDX-1. 

[82] Pancreatic cells that may be targeted include PDX-1 positive pancreatic ductal 
carcinoma cells, p-cell tumor cells, insulinoma cells, and 0-cells. Certain cell lines useful for 
research purposes may also be effectively targeted, including PANC-1 cells, CAPAN-1 cells, 
and NIT- 1 cells. 

[83] The insulin promoter may be used to drive expression of any desired gene. However, 
in a preferred embodiment, the promoter is functionally linked to and drives expression of a gene 
encoding thymidine kinase. In this embodiment, the method further comprises the step of 
delivering to the cell GCV, acyclovir, FIAU or 6-methoxypurine arabinoside in an amount 
effective to ablate the cell. 

[84] Another embodiment of the invention is directed to a method for selectively ablating 
pancreatic cells in a patient comprising administering to the patient an effective amount of an 
agent comprising a recombinant nucleic acid sequence comprising a cytotoxic gene operatively 
linked to an insulin promoter. 

[85] In a preferred method, the cytotoxic gene is the nucleic acid encoding thymidine 
kinase, and the method further comprises the step of administering GCV, acyclovir, FIAU or 6- 
methoxypurine arabinoside to the patient in an amount effective to ablate the cells. 

[86] The present invention is not limited to thymidine kinase as the cytotoxic gene. As will 
be clear to those of skill in the art, various cytotoxic genes may be used. For example, the 
cytotoxic gene may be a directly cytotoxic gene, such as the gene encoding diphtheria toxin, the 
gene encoding ricin or the gene encoding caspase. Caspase is a gene product that promotes cell 
death by apoptosis. Alternately, the cytotoxic gene may be a suicide gene, such as the 
aforementioned gene encoding thymidine kinase. Suicide genes can make targeted cells 
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susceptible to specific drugs. Administering the drug to cells carrying such suicide genes results 
in cell death. For example, cells expressing the thymidine gene are killed following treatment 
with GCV or a similar drug, whereas cells not expressing the thymidine kinase gene are 
unharmed by GCV treatment. 

[87] Preferably, the pancreatic cells being ablated express one or more transcription 
factors selected from the group consisting of BETA-2, GATA4, E47 and PDX-1, and the 
promoter is a rat insulin promoter. 

[88] Another embodiment of the invention is directed to a method for selectively ablating 
a target in an individual using a suicide gene coupled to a promoter that is unique to the target. 
The method comprises transfecting the individual with an agent comprising a recombinant 
nucleic acid sequence comprising a thymidine kinase gene operatively linked or coupled to an 
insulin promoter, such as the rat insulin promoter, followed by treating or administering to the 
individual an effective amount of GCV, acyclovir, FIAU or 6-methoxypurine arabinoside in an 
amount sufficient to cause ablation of the target. 

[89] The cytotoxic effect may be enhanced by any mechanism that results in upregulating 
transcription of RIP-tk, such as, for example, addition of factors that upregulate transcription of 
RIP-tk or ablation of factors that inhibit transcription of RIP-tk. Factors that upregulate 
transcription of the rat insulin promoter include, for example, the BETA-2, GATA4, PDX-1 and 
E47 transcription factors. Factors that inhibit transcription of the rat insulin promoter include 
factors in the somatostatin signal transduction pathway, such as, for example, the somatostatin 
receptor subtype-5 (SSTR-5). In a preferred embodiment, the cytotoxic effect may be enhanced 
by co-transfecting RIP-tk with at least one of the rat insulin promoter transcription factors, 
BETA-2, GATA4, PDX-1 and E47. 

[90] In a preferred embodiment, liposomes are used for the delivery vehicle. Alternately, 
other delivery vehicles known to those of skill in the art, such as adenoviral vectors, may be 
used. Preferably, the target comprises cells that express one or more transcription factors 
selected from the group consisting BETA-2, GATA4, E47 and PDX-1. For example, the target 
may comprise cells of pancreatic origin, including, pancreatic cancer, insulin secreting tumors, 
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PDX-1 positive pancreatic ductal carcinoma, 0-cell tumors, insulinomas, (3-cells, PANC-1 cells, 
CAPAN-1 cells, or NIT- 1 cells. 

[91] Still another embodiment is directed to a method for treating a metabolic disease in an 
individual comprising administering to the individual an effective amount of an agent comprising 
a recombinant nucleic acid sequence. The nucleic acid sequence comprises a cytotoxic gene 
operatively linked to an insulin promoter. Preferably, the cytotoxic gene encodes thymidine 
kinase and the method further comprises the step of administering to the individual an agent 
selected from the group consisting of GCV, acyclovir, FIAU and 6-methoxypurine arabinoside. 
The metabolic disease may be hypoglycemia or hyperinsulinemia, such as hypoglycemia due to 
an insulin-secreting tumor or cell. In the latter case, the method preferably comprises the step of 
administering GCV to the individual in an amount effective to ablate the insulin-secreting tumor 
or cell. 

[92] The invention is also directed to compositions for selectively causing regression or 
ablation of a pancreatic cell. Such compositions preferably comprise a recombinant nucleic acid 
sequence comprising a target gene, such as the thymidine kinase gene, functionally or 
operatively linked to an insulin promoter. In a preferred embodiment, the promoter is a rat 
insulin promoter. The composition may be contained in a liposome delivery system, such as 
those described above. Alternately, it may be contained in a viral vector. Cells which may be 
selectively targeted by the composition include the various cell lines disclosed herein, including, 
but not limited to, PDX-1 positive pancreatic ductal carcinoma cells, 0-cell tumor cells, 
insulinoma cells, and P-cells. 

[93] The present invention is not limited to the RIP-tk construct disclosed herein. The 
present invention is also broadly directed to methods and constructs for targeting other tissues 
using unique promoters or genes specific to a particular tissue, to deliver a cytotoxic or suicide 
gene, such as tk, to the tissue to then kill the tumor. For example, in one embodiment of the 
invention, breast tissue may targeted by linking a suicide gene or other cytotoxin with an 
estrogen receptor promoter and/or a casein promoter. In another embodiment, liver tissue may be 
targeted by using the a fetal protein promoter. 



HOUSTON 288946vl 60710-00002USC1 



20 



Attorney Docket No.: 60710-00002USC1 

[94] Still another embodiment of the invention is directed towards a method for the 
production of a protein in a cell. The method comprises delivering a nucleic acid molecule to the 
cell, wherein the nucleic acid molecule comprises an insulin promoter operatively linked to a 
structural nucleic acid sequence encoding the protein, and the cell comprises the PDX-1 
transcription factor after delivery of the nucleic acid molecule. Alternatively, the cell may 
comprise the BETA-2 transcription factor after delivery of the nucleic acid molecule. The cell 
may comprise the PDX-1 transcription factor or the BETA-2 transcription factor before delivery 
of the nucleic acid molecule. The cell may naturally comprise the PDX-1 transcription factor or 
the BETA-2 transcription factor. The cell may generally be any type of cell, such as a pancreatic 
cell. When the cell is a pancreatic cell, the protein is preferably produced in the pancreatic cell at 
a higher concentration than in a non-pancreatic cell containing the nucleic acid molecule. The 
cell may be a pancreatic ductal carcinoma cell, a P-cell tumor cell, an insulinoma cell, or a p- 
cell, and preferably is a pancreatic ductal carcinoma cell. The cell may be PANC-1, CAPAN-1, 
or NIT- 1 cell lines. 

[95] The insulin promoter may generally be any insulin promoter, preferably is a rat 
insulin promoter, and more preferably is SEQ ID NO:l. Alternatively, the insulin promoter can 
be an effective fragment of SEQ ED NO: 1 . An effective fragment is a truncation of SEQ ID NO: 1 
which exhibits substantially the same transcription ability as does SEQ ID NO:l. The effective 
fragment preferably exhibits at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, and 
ideally 100% of the transcription ability of SEQ ID NO:l. The effective fragment is preferably at 
least about 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% of the length of SEQ ID 
NO:l. Alternatively, the insulin promoter can be a promoter having a high level of percent 
sequence identity to SEQ ID NO:l. The level of percent sequence identity is preferably at least 
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity as compared to SEQ ID 
NO:l. Percent sequence identity is determined by aligning the two sequences with a commercial 
software package such as CLUSTALW version 1.6 (Thompson, J.D., et al. Nucleic Acids Res. 
22(22):4673-4680 (1994)). The number of matches between the two aligned sequences is divided 
by 502 and multiplied by 100 in order to obtain a percent sequence identity. 

[96] The cell may further comprise one or more transcription factors selected from the 
group consisting of the BETA-2 transcription factor, the GATA4 transcription factor, and the 
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E47 transcription factor. The cell may comprise both the PDX-1 transcription factor and the 
BETA-2 transcription factor. The cell may comprise the PDX-1 transcription factor, the BETA-2 
transcription factor, and one or more transcription factors selected from the group consisting of 
the GATA4 transcription factor and the E47 transcription factor. The protein may generally be 
any protein, and preferably is thymidine kinase. The delivery step may comprise contacting the 
cell with a recombinant viral vector. Alternatively, the delivery step may comprise contacting the 
cell with an adenovirus. The molecule may further comprise a structural nucleic acid sequence 
encoding one or more transcription factors selected from the group consisting of the BETA-2 
transcription factor, the GATA4 transcription factor, the E47 transcription factor, and the PDX-1 
transcription factor. 

[97] The method may further comprise delivering to the cell one or more transcription 
factors selected from the group consisting of the BETA-2 transcription factor, the GATA4 
transcription factor, the E47 transcription factor, and the PDX-1 transcription factor. The method 
may further comprise delivering a second nucleic acid molecule to the cell, wherein the second 
nucleic acid molecule encodes one or more transcription factors selected from the group 
consisting of the BETA-2 transcription factor, the GATA4 transcription factor, the E47 
transcription factor, and the PDX-1 transcription factor. The method may further comprise 
delivering ganciclovir, acyclovir, FIAU, or 6-methoxypurine arabinoside to the cell after delivery 
of the nucleic acid molecule. Delivering ganciclovir, acyclovir, FIAU, or 6-methoxypurine 
arabinoside to the cell preferably ablates the cell. An additional embodiment of the invention is 
directed towards a method for ablating cells in an individual comprising delivering an agent to 
the individual, wherein the agent comprises a nucleic acid molecule, and the nucleic acid 
molecule comprises an insulin promoter operatively linked to a structural nucleic acid sequence 
encoding a cytotoxic protein. The cytotoxic protein can generally be any cytotoxic protein, and 
preferably is thymidine kinase. The method may further comprise delivering ganciclovir, 
acyclovir, FIAU, or 6-methoxypurine arabinoside to the individual after delivery of the agent. 
The insulin promoter may generally be any insulin promoter, preferably is a rat insulin promoter, 
and more preferably is SEQ ED NO:l. Alternatively, the insulin promoter may be an effective 
fragment of SEQ ID NO: 1 . An effective fragment is a truncation of SEQ ID NO: 1 which exhibits 
substantially the same transcription ability as does SEQ ID NO: 1 . The effective fragment 
preferably exhibits at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, and ideally 100% 
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of the transcription ability of SEQ ED NO:l. The effective fragment is preferably at least about 
50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% of the length of SEQ ID NO l 

Alternatively, the insulin promoter may be a promoter having a high level of percent 
sequence identity to SEQ ID NO:l. The level of percent sequence identity is preferably at least 
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity as compared to SEQ ID 
NO:l. The cells may further comprise one or more transcription factors selected from the group 
consisting of the BETA-2 transcription factor, the GATA4 transcription factor, and the E47 
transcription factor. The cells may comprise both the PDX-1 transcription factor and the BETA-2 
transcription factor. The cells may comprise the PDX-1 transcription factor, the BETA-2 
transcription factor, and one or more transcription factors selected from the group consisting of 
the GATA4 transcription factor and the E47 transcription factor. The molecule may further 
comprise a structural nucleic acid sequence encoding one or more transcription factors selected 
from the group consisting of the BETA-2 transcription factor, the GATA4 transcription factor, 
the E47 transcription factor, and the PDX-1 transcription factor. The method may further 
comprise delivering to the cell one or more transcription factors selected from the group 
consisting of the BETA-2 transcription factor, the GATA4 transcription factor, the E47 
transcription factor, and the PDX-1 transcription factor. The method may further comprise 
delivering ganciclovir, acyclovir, FIAU, or 6-methoxypurine arabinoside to the cell after delivery 
of the nucleic acid molecule. Delivering ganciclovir, acyclovir, FIAU, or 6-methoxypurine 
arabinoside to the cell preferably ablates the cell. The cells may generally be any type of cells. 
The cells may be pancreatic cells. The cells may be insulin secreting cancer cells. The cells may 
be PDX-1 positive pancreatic ductal carcinoma cells, pancreatic ductal carcinoma cells, p-cell 
tumor cells, insulinoma cells, or p-cells. The cells may be PANC-1 cells, CAPAN-1 cells, or 
NIT-1 cells. The agent may comprise liposomes or adenoviral vectors. The individual is 
preferably a mammal, and more preferably is a human. 

[98] An additional embodiment of the invention is directed towards a method of treating a 
metabolic disease in an individual, comprising delivering an agent to the individual, wherein the 
agent comprises a nucleic acid molecule, and the nucleic acid molecule comprises an insulin 
promoter operatively linked to a structural nucleic acid sequence encoding a cytotoxic protein. 
The metabolic disease may generally be any metabolic disease, and preferably is hypoglycemia 
or hyperinsulinemia. The individual is preferably a mammal, and more preferably is a human. 
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The cytotoxic protein may generally be any cytotoxic protein, and preferably is thymidine 
kinase. The method may further comprise delivering ganciclovir, acyclovir, FIAU, or 6- 
methoxypurine arabinoside to the individual after delivery of the agent. The insulin promoter 
may generally be any insulin promoter, preferably is a rat insulin promoter, and more preferably 
is SEQ ID NO:l. Alternatively, the insulin promoter may be an effective fragment of SEQ ED 
NO:l. An effective fragment is a truncation of SEQ ID NO:l which exhibits substantially the 
same transcription ability as does SEQ ID NO:l. The effective fragment preferably exhibits at 
least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, and ideally 100% of the transcription 
ability of SEQ ID NO: 1. The effective fragment is preferably at least about 50%, 60%, 70%, 
80%, 90%, 95%, 96%, 97%, 98%, or 99% of the length of SEQ ID NO l. Alternatively, the 
insulin promoter may be a promoter having a high level of percent sequence identity to SEQ ID 
NO:l. The level of percent sequence identity is preferably at least about 80%, 85%,90%, 
95%,96%,97%, 98%, or 99% sequence identity as compared to SEQ ID NO:l. The metabolic 
disease may comprise an insulin-secreting tumor or an insulin-secreting cell. 

[99] A further embodiment of the invention is directed towards an isolated nucleic acid 
molecule comprising an insulin promoter operatively linked to a structural nucleic acid sequence 
encoding a cytotoxic protein. The cytotoxic protein may generally be any cytotoxic protein, and 
preferably is thymidine kinase. The insulin promoter may generally be any insulin promoter, 
preferably is a rat insulin promoter, and more preferably is SEQ ID NO:L Alternatively, the 
insulin promoter may be an effective fragment of SEQ ID NO:l. An effective fragment is a 
truncation of SEQ ID NO:l which exhibits substantially the same transcription ability as does 
SEQ ID NO:l. The effective fragment preferably exhibits at least about 80%, 85%, 90%, 95%, 
96%, 97%, 98%, 99%, and ideally 100% of the transcription ability of SEQ ID NO:l. The 
effective fragment is preferably at least about 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 
98%, or 99% of the length of SEQ ID NO: 1 . 

[100] Alternatively, the insulin promoter may be a promoter having a high level of percent 
sequence identity to SEQ ID NO:l. The level of percent sequence identity is preferably at least 
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity as compared to SEQ ID 
NO:l. The nucleic acid molecule may comprise a viral vector. 
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[101] An additional embodiment of the invention is directed towards a kit comprising an 
isolated nucleic acid molecule, wherein the isolated nucleic acid molecule comprises an insulin 
promoter operatively linked to a structural nucleic acid sequence encoding a cytotoxic protein. 
The isolated nucleic acid molecule may be any of the isolated nucleic acid molecules described 
herein. The nucleic acid molecule may be contained in a container. The kit may further comprise 
one or more agents selected from the group consisting of ganciclovir, acyclovir, FIAU, and 6- 
methoxypurine arabinoside. The kit may comprise ganciclovir. The agent may be contained in a 
second container. Alternatively, the nucleic acid molecule and the agent may be contained in the 
same container. The cytotoxic protein may generally be any cytotoxic protein, and preferably is 
thymidine kinase. The cytotoxic protein is preferably cytotoxic to mammals, and more preferably 
is cytotoxic to humans. 

[102] A further alternative embodiment of the invention is directed towards a method for 
increasing the secretion of insulin in an individual comprising reducing the concentration of 
somatostatin receptor. The reducing step may comprise adding an agent which knocks out the 
nucleic acid sequence encoding the somatostatin receptor. The agent may be a nucleic acid 
molecule. The reducing step may comprise adding an antibody to the individual which binds to 
the somatostatin receptor. The individual preferably is a mammal, and more preferably is a 
human. The somatostatin receptor preferably is somatostatin subtype receptor 5. The 
somatostatin receptor preferably is in the pancreas of the individual. 

[103] The following examples are offered to illustrate embodiments of the invention, and 
should not be viewed as limiting the scope of the invention. 

EXAMPLE 1: DEMONSTRATION OF p-CELL SPECIFIC CYTOTOXICITY USING A 
RAT INSULIN PROMOTER THYMIDINE KINASE CONSTRUCT 

[104] Materials, methods and summary of results: 0.502 kb of RIP (SEQ ID NO l) was 
ligated to the reporter gene LacZ and ligated to tk. These two genes were transfected into several 
cell lines to ascertain P-cell specific expression and p-cell specific cytotoxicity in vitro. RT-PCR 
and EMS A were performed on NIT-1 cell RNA and nuclear extract, respectively, to determine 
the transcription factors present and responsible for RIP activation in NIT-1 cells. A mouse p- 
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cell adenoma model was created with NIT-1 cells. These mice were treated with the RJP-tk gene 
and both blood sugars and animal viability were monitored. 

[105] Only the beta (NIT-1) cells stained blue after X-gal staining (p<0.05, n=16) or had 
detectable levels of beta-galactosidase protein (p<0.05, n=6) in vitro. A significant decrease in 
cell survival was observed in NIT-1 cells transfected with RIP-tk, in vitro (p<0.05, n=48). 
Messenger RNA for both BETA-2 and PDX-1 was found in NIT-1 cells and a super shift was 
observed for both BETA-2 and PDX-1. NIT-1 cell tumors were successfully targeted with the 
RIP-LacZ gene. Mice inoculated with NIT-1 cells developed clinically relevant tumors with 
hypoglycemia and death at sixty days post inoculation. The in vivo delivery of the RlP-tk gene in 
combination with GCV inhibited hypoglycemia and animal death (n=30, p<0.05). 

[106] Generation of RIP-LacZ and RIP-tk constructs: All restriction enzymes unless 
otherwise noted were from GIBCO-BRL, Bethesda, MD. The plasmid pD46.21 (provided by Dr. 
Franco DeMayo, Departments of Cell Biology and Pediatrics, Baylor College of Medicine), 
which contains a P-galactosidase gene with a polyadenylation signal and a nuclear localization 
signal, was digested with Hindlll, blunt ended with Klenow, and digested with BamHl RIP in 
Blue-Script KS + (provided by Dr. Ming-Jer Tsai, Department of Cell Biology, Baylor College of 
Medicine) was isolated with Sstll, blunt ended with T4 polymerase (Promega, Madison, WI), 
digested with BamHI and ligated into restriction endonuclease treated pD46.21 following the 
standard procedure. The construct was verified by digesting with Notl and identifying a 4. 1 kb 
band. 

[107] The RIP-tk construction was generated in two steps. First the coding sequence of tk, 
66 by upstream from the ATG, was isolated from pMC-l-TK-6 (provided by Dr. Arthur 
Beaudet, Department of Cell Biology, Baylor College of Medicine) with Notl, blunt ended with 
Klenow, and digested with BamHI. The isolated tk gene was then ligated with growth hormone 
polyA (GhpA), in Blue-Script, which was digested with EcoRI, blunt ended with Klenow, and 
digested with BamHI. This ligation was verified with Hindlll. 

[108] Thymidine kinase-GHpA in Blue-Script was further digested with BamHI and Notl 
and ligated with isolated 0.502 kb of RIP previously digested with BamHI and Not! The 
construct was verified by digesting with BamHI and Notl and identifying a 0.5 kb band. 
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[109] Transient transfection of genetic constructs/transfection efficiency: All cell lines 
were obtained from The Tissue Core Facility at Baylor College of Medicine and grown in their 
respective media as recommended by ATCC, Bethesda, MD. Cells were plated into six well 
dishes growing in logarithmic phase (60-80% confluent) twenty-four hours prior to transfection. 
All cells were transfected with 1 ug of DNA per well (RIP-LacZ, RSV-LacZ, RIP-tk, hollow 
vector, and MC-l-tk). The DNA was mixed with 6 ul of Fugene (Boehringer Mannheim, 
Indianapolis, IN) in 94 ]i\ of Dulbecco's modified Eagle's medium without serum (Gibco-BRL, 
Bethesda, MD). 100 \il of solution was added to each well by mixing gently. 

mm tUa — ~~ ^ ~: ~~ — c — tvttt i ~ tu:,* 
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was demonstrated using both the RIP-LacZ gene and the RSV-LacZ gene. Despite this 
transfection efficiency a 26% decrease in cell survival was observed in NIT-1 cells transfected 
with the RIP-tk gene. This may be accounted for by the bystander effect. The bystander effect 
results from the transfer of viral thymidine kinase proteins into cells through gap junctions (Pope 
IM, et aL, 33(7) EUR. J. CANCER. 1005-16 (1997)). This allows for cells that were not 
originally transfected with a viral tk gene to become susceptible to the cytotoxicity of GCV, 
thereby increasing the number of cells being killed. 

[Ill] Detection of p-galactosidase gene expression, X-gal staining: NIT-1, CV-1 
(monkey renal cell), F9 (mouse embryonic carcinoma cell), 3T3 (mouse fibroblast cell) and 
H41 1 (mouse lung cell) cells were transfected with either RIP-LacZ or RSV-LacZ (provided by 
Dr. Jeff Rosen, Department of Cell Biology, Baylor College of Medicine). RSV-LacZ served as 
a positive control to ensure that all cells were sufficiently transfected. Thirty-six hours post 
transfection cells were stained with X-gal staining solution to detect for the presence of the beta- 
galactosidase protein. This was done by first washing the cells with cold PBS (twice) and fixing 
them with 0.5% glutaraldehyde for 5 minutes. Cells were then washed with cold PBS (twice), 
and a X-gal staining solution containing 1M Mg-Cl 2 , 5M NaCl, 0.5M HEPES, pH 7.3, 30mM 
potassium ferricyanide, 30mM potassium ferrocyanide, and 2% X-gal solution was added. Cells 
were then incubated at 37°C for 24 hrs to develop the color. An independent observer verified the 
presence of blue color. The experiment was repeated four times and a total of sixteen wells 
examined per cell type. 
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[112] Only the p-cell line NIT-1 demonstrated blue color, after transfection with RIP-LacZ 
(n=16, p< 0.05). All cell lines transfected with RSV-lacZ developed blue color after X-gal 
staining ensuring that all cell types were adequately transfected. The percentage of NIT-1 cells 
staining blue with the RSV-LacZ construct equaled the percentage of blue staining cells with the 
RIP-LacZ construct and was assumed to be the transfection efficiency for NIT-1 cells for this 
experiment. 

[113] Detection of (3-gaIactosidase gene expression, using a luminometer: NIT-1 and F9 
cells transfected with either RIP-LacZ or RSV-LacZ were subjected to beta-galactosidase 
reporter gene assay (Tropix, Bedford, MA). The assay was carried out in triplicate. Protein levels 
were determined using Bradford's protein assay (Sigma, St. Louis, MO). Results are represented 
in light units and adjusted for protein content. 

[114] Transfection of RDP-LacZ resulted in a significant increase in beta-galactosidase 
protein levels in NIT-1 cells compared to F9 cells, 2.9 x 10 5 light units for NIT-1 cells and 1.2 x 
10 5 light units for F9 cells (n=6, p<0.05). Both cell types demonstrated an equal amount of beta- 
galactosidase after transfection with RSV-LacZ, 3.7 x 10 5 light units for NIT-1 cells and 3.5 x 
10 5 light units for F9 cells (n=6, p=NS). This ensured that F9 cells were adequately transfected. 
Background light units were equal between cell types as well, 1.3 x 10 5 light units for NIT-1 
cells and 1.4 x 10 5 light units for F9 cells (n=6, p=NS). 

[115] Ganciclovir dose response curve for NIT-1 cells in culture: Dose response curves 
with GCV for untransfected NIT-1 and F9 (control) cells were performed prior to cytotoxicity 
studies with genetic constructs. NIT-1 cells were plated into a ninety-six well plate at a density 
of 5,000 cells per well and treated with GCV (0. 1 to 2.5 |ig/ml) to determine a dose response 
curve to GCV alone. The cells were treated daily for five days and cell viability was ascertained 
with an MTS assay. GCV was found to be toxic to untransfected NIT-1 cells at much lower 
doses than has been reported in the literature for other cell types (Fig. 1 A) (Al-Hendy A, et al., 
43 GYNECOL. OBSTET. INVESTIG. 268-275 (1997); Eastham J, et al., 7 HUMAN GENE 
THER. 515-523 (1996); Chen S-H, et al, 91 PROC. NATL. ACAD. SCI. USA 3054-3057 
(1994); Tong X, et al., 61 GYNECOL. ONCOL. 175-179 (1996)). The GCV toxicity dose 
response curve for F9 cells resembled other cell lines (Fig. IB). Specifically, Fig. 1A shows the 
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dose response curve for NIT-1 cells given GCV. The x-axis shows GCV in \ig/m\. The y-axis 
shows percent cell survival. Note that at concentrations of GCV 0.25 ug/ml and higher a 
significant decrease in cell survival is observed, n=8, *p<0.05, Unpaired Student t-test. Fig. IB 
shows the dose response curve for F9 cells given GCV. The x-axis shows GCV in ug/ml. The y- 
axis shows percent cell survival. F9 cell toxicity resembles that of other published cell lines, n=8, 
*p<0.05, unpaired Student t-test. 

[116] At GCV dosages greater than 0.25 ug/ml survival for untransfected NIT-1 cells 
significantly decreased (n=8, p<0.05) (Fig. 1A). Based on this data, it was determined that 0.20 
jig/ml is the maximum dose of GCV one can use to treat NIT- 1 cells in culture. This is believed 
to be related to the fastidious nature of NIT-1 cells in culture, because it is not reproducible in 

vivo. 

[117] Treatment of transfected cells with ganciclovir: NIT-1 and F9 cells were 
transfected with either the RIP-tk gene or a hollow vector (V)(negative control). A group of 
untransfected cells (C) was used to control for the effect of GCV alone on cell death. As a 
positive control, F9 cells were transfected with a tk construct driven by a ubiquitous promoter 
(MC-l-tk) to ensure that the F9 cells were being sufficiently transfected and susceptible to the 
cytotoxic effects of thymidine kinase. Twenty-four hours post transfection the cells were re- 
plated into ninety-six well plates at a density of 5,000 cells per well, and subjected to GCV 
treatment with a dose of 0.5 to 0.20 ug/ml of GCV. The media was refreshed daily. Cell viability 
was determined by using an MTS assay (Promega, Madison, WI) read at an absorbency of 
490nm. Percent cell death was calculated utilizing the following formula: A-B X 100 

A 

where A is the absorbency at 490nm of transfected cells not treated with GCV and B is the 
absorbency at 490nm of transfected cells treated with GCV. Percent cell survival was calculated 
by subtracting the percent cell death from one hundred. 

[118] In cells transfected with RIP-tk, only NIT-1 cells demonstrated a significant and GCV 
dose dependent decrease in cell survival; 17.7% and 26.8% for 0.15 |ig/ml and 0.2 ^ig/ml of 
GCV, respectively. 
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[119] Specifically, Fig. 2 is a bar graph which shows the percent cell survival of NIT-1 cells 
transfected with nothing (C), a hollow vector (V), and RIP-tk with increasing levels of GCV 
(Hg/ml). As noted, only the RIP-tk gene demonstrated significant and GCV dose dependent 
decrease in NIT-1 cell survival, n=48, *p<0.05, ANOVA. 

[120] F9 cells failed to show any significant decrease in cell survival with the RIP-tk gene 
following GCV treatment. F9 cells transfected with the positive control MC-l-tk did demonstrate 
a significant decrease in cell survival; 15.5% and 24.3% for 0.15 |ig/ml and 0.2 ng/ml of GCV, 
respectively (Fig. 3). Neither cell type demonstrated any significant decrease in survival 

iviiv rTing u unjivvuvii vyiui c* nuiiuvr vvvii/i \ v J v/i VT1U1 viv » uvuiinvui uxvuv yv_^y. upwvinvuii j , 

Fig. 3 is a bar graph which shows the percent cell survival of F9 cells transfected with nothing 
(C), a hollow vector (V), RIP-tk, and MC-l-tk with increasing levels of GCV (ng/ml). As noted, 
no significant decrease in cell survival was demonstrated with the REP-tk gene. A significant and 
GCV dose dependent decrease in F9 cell survival was demonstrated with the MC-l-tk ensuring 
that F9 cells were both adequately transfected and susceptible to the toxic effects of tk with GCV 
( n=48, *p<0.05, ANOVA). 

[121] NIT-1 mRNA isolation and RT-PCR analysis of transcription factors PDX-1 and 
BETA-2: NIT-1 total RNA was extracted using RNAzol™ (Tel-Test, INC., Friendswood, TX). 
Briefly, cells were allowed to grow to confluence in large vented flasks. Media was removed and 
5ml of RNAzol™ was added. The cells were removed with the aid of a cell scraper and placed 
on ice for fifteen minutes. 500 ^1 of chloroform was added and the cells were spun for fifteen 
minutes at 10,000 rpm at 4°C. The aqueous phase was removed and mixed with an equal volume 
of isopropanol and placed at 4°C for fifteen minutes and then spun for fifteen minutes at 15,000 
rpm at 4°C. The pellet was then washed with 70% ethanol and re-spun at 15,000 rpm and 
allowed to dry. 

[122] Reverse transcriptase polymerase chain reaction (RT-PCR) was performed using 
SUPERSCRIPT™ Preamplification System for First Strand cDNA Synthesis kit (Gibco-BRL, 
Bethesda, MD). Primers specific for mouse PDX-1 mRNA (forward 281-300 bps 
tgaacagtgaggagcagtac (SEQ ID NO: 5) and reverse 870 - 889 bps ttttccacttcatgcgacgg (SEQ ID 
NO: 6)) and primers specific for both human and mouse BETA-2 (forward bps 944-964, 
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cgccgagtttgaaaaaaatt (SEQ ID NO:7) and reverse bps 1227-1207, tttttccgacggaagacatt (SEQ ID 
NO: 8)), (BETA-2 primers were provided by Dr. Ming-Jer Tsai, Department of Cell Biology, 
Baylor College of Medicine) were used. Standard P-actin primers were used as controls. PCR 
program for all three primers was as following: 2 min 94°C, then thirty cycles of 1 min 94°C, 1 
min 55 °C, and 1 min 72°C and 5 min 72°C for finishing. 5 ul of the PCR reaction was run on gel 
electrophoresis. A 600 bp band identified a positive for PDX-1 and a 300 bp band identified a 
positive for BETA-2. Thus, NIT-1 cells demonstrated a message for PDX-1 and BETA-2. 

[123] Nuclear extracts and electrophoretic mobility-shift assays (EMSA): NIT-1 

— ~1 ±„ — : j ~~ j :i i ~i i t r\ — u: t 1 ~± ~i c a PAXTrrn t>t:c coco 

uui/icai tAuaLLs wcic lauiatcu as ucsuiucu ciscwncic ^v_/aar^i i, ci ai., J't v^.tvin\^jj,x\> a\jl>o. 

5261 (1994)). Protein levels were determined using Bradford's protein assay (Sigma, St. Louis, 
MO). A double-stranded oligodeoxynucleotide probe that contained both a BETA-2 site and a 
PDX-1 site within RIP (bp 350-381 on RIP 

TTGGCCATCTGCTGATCCACCCTTAATGGGAC; SEQ ID NO:9) was labeled with a 32 P 
dGTP by filling overhanging 5' ends with Superscript™ (Gibco-BRL, Bethesda, MD). Binding 
reactions were performed with 2.5 jug of protein and 1 |j. 1 hot probe per lane on a 5% acryl amide 
gel with either nuclear extract alone or 100X cold wild type probe to assess protein binding. 
Supershift analysis for BETA-2 and PDX-1 binding activity was performed by the addition of 1 
III of anti BETA-2 antibody (provided by Dr. Ming-Jer Tsai, Department of Cell Biology, Baylor 
College of Medicine) and 1 yl of anti-N-terminal XIHbox8 antibody (provided by Dr. 
Christopher Wright, Department of Medicine, Vanderbilt School of Medicine), respectively. 

[124] Nuclear extract from NIT-1 cells demonstrated binding to the labeled oligonucleotide 
in RIP that contained both the BETA-2 and PDX-1 sites. Furthermore a supershift was observed 
with both the BETA-2 and PDX-1 antibodies. 

[125] Creation of an in vivo mouse (3-cell adenoma model: Twelve female ICRJscid 
mice, age 6-10 weeks underwent intraperitoneal injections of 5 x 10 6 NIT-1 cells as described 
(Tong X, et al., 61 GYNECOL. ONCOL. 175-179 (1996)). An additional twelve female 
ICBJscid mice, age 6-10 weeks underwent an equal volume of PBS and were used as controls. 
To estimate tumor growth blood glucose was measured from the tail vein using a glucometer 
every other day. At animal death the mice underwent necrotopsies. 
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[126] ICRJscid mice injected EP with 5 x 10 6 NIT-1 cells initially demonstrated no 
difference in blood sugars as compared to control mice. However, eight days prior to their death 
the mice demonstrated a rapid decline of their blood glucose levels and died (see Fig. 4). At 
autopsy, with the exception of one mouse, which had a small (<0.2mm) subcutaneous tumor, no 
tumors were identified. NIT-1 cells added with PBS, GCV, or RIP-LacZ and GCV led to the 
described rapid decline in blood glucose levels. Addition of NIT-1 cells with RIP-tk and GCV 
prevented the decrease in blood glucose levels. 

[127] Treatment of P-cell adenomas (insulinomas) in vivo: twenty-seven female ICR/scid 
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female ICRJscid mice, age 6-10 weeks old underwent intraperitoneal injections of PBS. At day 
31, the mice were randomized to receive either the RIP-tk gene, the RIP-LacZ gene, or nothing. 
The RIP-LacZ construct served both as a control and to localize gene expression. The genes were 
delivered via liposomes IP (liposomes provided by Dr. Nancy Smyth-Templeton Center for Gene 
Therapy and Department of Cell Biology, Baylor College of Medicine) and mixed as described 
(Smyth-Templeton N, et al., 15 NATURE BIOTECHNOL. 647-652 (1997)). Six mice were 
randomized to receive the RIP-tk gene followed by seven days of GCV (40mg/kg IP). Six mice 
were randomized to receive the RIP-LacZ gene followed by seven days of GCV (40mg/kg IP). 
Six mice were randomized to receive PBS followed by seven days of GCV (40mg/kg IP). Six 
mice that were inoculated with NIT-1 cells were randomized to receive seven days of PBS. Six 
mice which were inoculated with PBS were randomized to receive the RIP-tk gene followed by 
seven days of GCV (40mg/kg IP). 

[128] Three mice that were inoculated with NIT-1 cells and three mice that were inoculated 
with PBS were randomized to receive the RIP-LacZ gene and then sacrificed thirty-six hours 
later. These mice had their tissues fixed including brain, heart, lung, liver, small bowel, spleen, 
kidneys, and pancreas in 5% glutaraldehyde for one hour, were stained with X-gal staining 
solution for twenty-four hours, and were sectioned and counter stained with nuclear fast red. 
Analysis of treatment and gene placement consisted of normalization of blood glucose values, 
inhibition of animal death, and presence of blue nuclei after X-gal staining. 
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[129] NIT-1 cell tumors were successfully targeted with the RIP-LacZ gene with tumors 
staining blue after fixation and X-gal staining. Five out of six experimental mice (received NIT-1 
tumors, RIP-tk gene, and GCV) lived throughout the length of the experiment without any 
significant change in blood glucose values. The mouse that did demonstrate a decline of blood 
glucose levels and death had a technical problem in its administration of the RIP-tk gene; it was 
injected into the bladder. All of the other mice that received NIT-1 cells underwent a rapid 
decline in blood glucose values and died within sixty days of tumor inoculation (see Fig. 4). 

[130] ICRIscid mice injected with 5 x 10 6 NIT-1 cells exhibited an interesting response to 
increasing tumor burden. Despite the mice dying at different time points they all exhibited the 
same sequence of blood sugars prior to death; eight days prior to death they underwent a 
sequential decrease in blood sugars. This indicates there is a critical tumor burden that the mice 
can tolerate before their regulatory mechanisms are overcome and the mice die rapidly from 
hypoglycemia. The time it took to reach this critical tumor volume was not the same for each 
mouse and this can be explained, in part, by a learning curve associated with injecting the mice 
IP. Some mice probably had more tumor escape through the needle tract than others. In fact, one 
mouse had implantation of the tumor into the subcutaneous space. This proved to be beneficial 
because no tumors were discovered in the peritoneum of the other mice. In the subsequent in 
vivo experiment there were no subcutaneous tumors, and all of the mice began their decline in 
blood sugars and died within one week of each other, indicating that the technique had improved. 

[131] RIP driven expression in NIT-1 cells in vivo: In another murine hypoglycemic 
tumor model, 5 x 10 6 NIT-1 cells (or PBS) were injected intraperitoneal^ (IP) into lCR/scid 
mice (n=12 per group). A significant reduction of blood glucose values at 53 ± 7 days and death 
at 60±7 days was observed in mice that received the NIT-1 cells. In a second experiment 
additional mice were randomized (n=6 per group) as follows: 1) NIT-1, RIP-tk and ganciclovir 
(GCV); 2) NIT-1, RIP-LacZ and GCV; 3) NIT-1 and GCV only; and 4) NIT-1 and PBS only. 
GCV was given at 40mg/kg IP BID for 7 days. RIP-tk and RIP-LacZ genetic constructs were 
generated in the laboratory and were delivered IP 31 days post tumor injection by complexing 
the DNA with 20mM of extruded DOTAPxholesterol. Other mice injected with tumors and RIP- 
LacZ had their tissues stained with X-gal. Blood glucose values, animal survival, and blue cells 
after X-gal staining were recorded. RT-PCR was done on NIT-1 RNA with primers specific for 
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BETA-2 and PDX-1. A band shift was performed by mixing NIT-1 nuclear extract with RIP and 
antibodies specific to PDX-1 and BETA-2. 

[132] At animal death the insulinoma cells were identified by X-gal staining. RIP-tk in 
combination with GCV inhibited hypoglycemia and animal death in all mice (see Fig. 4). BETA- 
2 and PDX-1 RNA was found in NIT-1 cells and both transcription factors demonstrated RIP 
binding with a super shift on the band shift. 

[133] Statistics: X-gal staining of cells used in this example (NIT-1, CV-1, F9, 3T3, and 
H41 1) were compared using both ANOVA and chi square test. The light units were adjusted for 
protein content and compared using an unpaired Student's t-test. Cell survival between different 
constructs and cell lines was compared with ANOVA. Mouse blood glucose levels were 
compared with ANOVA and animal survival was compared by chi square test. P < 0.05 
represented significance. 

EXAMPLE 2: HUMAN PANCREATIC DUCTAL CARCINOMA CELLS CAN BE 
TARGETED USING A RIP-TK CONSTRUCT IN VITRO 

[134] Materials, methods and summary of results: 0.502 kb of RIP was ligated to the 
reporter gene LacZ and transfected into several human cell lines: human pancreatic ductal 
carcinoma cell lines (PANC-1, CAPAN-1, and MIA-1), lung carcinoma (A549), and breast 
carcinoma (T47D). X-gal staining and the detection of beta-galactosidase using a luminometer 
analyzed LacZ gene expression. RIP was ligated to tk and transfected into PANC-1, CAPAN-1, 
MIA-1, and A549 cells. Cell viability was compared after transfection with the RIP-tk genetic 
construct and daily treatment with of ganciclovir (GCV). RT-PCR was performed on PANC-1, 
CAPAN-1, and MIA-1 total RNA with primers specific for known insulin transcription factors 
PDX-1 and BETA-2. EMSA was also performed on PANG-1 and CAPAN-1 nuclear extract 
using an antibody specific to PDX-1. A mutated RIP-LacZ construct was created with one PDX- 
1 binding site changed. This construct was transfected into PANC-1 and CAPAN-1 cells and the 
amount of beta-galactosidase protein using a luminometer was assessed. 

[135] Only the pancreatic ductal carcinoma cells PANC-1 turned blue after X-gal staining 
(p<0.05, n=32 per cell type) and only PANC-1 and CAPAN-1 cells had detectable levels of beta- 
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galactosidase protein (p<0.05, n=16). A significant increase in cell death was observed in 
PANC-1 and CAPAN-1 cells transfected with RIP-tk, while no significant increase in cell death 
was observed in A549 or MIA-1 cells transfected with RIP-tk (P<0.05, n=32). PANC-1 and 
CAPAN-1 cells contained RNA for PDX-1, but not for BETA-2. MIA-1 cells did not contain 
RNA for either PDX-1 or BETA-2. A super shift was observed with the PDX-1 antibody and 
nuclear extract from both PANC-1 and CAPAN-1. Decreased levels of beta-galactosidase 
protein was found in PANC-1 and CAPAN-1 cells transfected with the mutated RIP-LacZ gene 
when compared to the wild type RIP-LacZ gene (p<0.05, n=8). Finally, RIP was successfully 
used in a mouse model to drive expression of LacZ and tk in PANC-1 cells in vivo. 

[136] The data show that the RIP-tk gene is able to target and kill both PANC-1 and 
CAPAN-1 cells. The data also suggest that the transcription factor PDX-1, important in early 
embryonic pancreatic development, is responsible for both the activation and the targeting of the 
rat insulin promoter in PANC-1 and CAPAN-1 cells. 

[137] Generation of RIP-LacZ and RIP-tk constructs: All restriction enzymes unless 
otherwise noted were from GIBCO-BRL, Bethesda, MD. The plasmid pD46.21 (provided by Dr. 
Franco DeMayo, Departments of Cell Biology and Pediatrics, Baylor College of Medicine), 
which contains a (3 -galactosidase gene with a polyadenylation signal and a nuclear localization 
signal, was digested with Hindlll, blunt ended with Klenow, and digested with BamHI. RIP in 
Blue-Script KS + (Stratagene, La Jolla, CA) (provided by Dr. Ming-Jer Tsai, Department of Cell 
Biology, Baylor College of Medicine) was isolated with Sstll, blunt ended with T4 polymerase 
(Promega, Madison, WI), digested with BamHI and ligated into restriction endonuclease treated 
pD46.21 following the standard procedure. The construct was verified by digesting with Notl 
and identifying a 4.1 kb band. 

[138] The RIP-tk construction was generated in two steps. First the coding sequence of tk, 
66 by upstream from the ATG, was isolated from pMC-l-TK-6 (provided by Dr. Arthur 
Beaudet, Department of Cell Biology, Baylor College of Medicine) with Notl, blunt ended with 
Klenow, and digested with BamHI. The isolated tk gene was then ligated with growth hormone 
polyA (GhpA), in Blue-Script, which was digested with EcoRl, blunt ended with Klenow, and 
digested with BamHI. This ligation was verified with Hindlll. 
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[139] Thymidine kinase-GHpA in Blue-Script was further digested with BamHI and Notl 
and ligated with isolated 0.502 kb of RIP previously digested with BamHI and Not! The 
construct was verified by digesting with BamHI and Notl and identifying a 0.5 kb band. 

[140] Transient transfection of genetic constructs: All PANC-1, CAPAN-1, MIA-1, 
A549 and T47D cell lines were obtained from American Tissue Core Facility (ATCC) 
(Bethesda, MD). Cells were plated into six well dishes growing in logarithmic phase (60-80% 
confluent) twenty-four hours prior to transfection. All cells were transfected with 3 ng of DNA 
per well (RIP-LacZ, RSV-LacZ, RIP-tk, hollow vector, and U-tk). The DNA was mixed with 6 

jii ui xugciic (xjuciumgci iviaiiimcini, muiaiiajjuiis, n>i ) in y*+ |ai ui i^uiucttu 5 muuiiicu x^a^ic s 

medium without serum (Gibco-BRL, Bethesda, MD). 100 \i\ of solution was added to each well 
by mixing gently. 

[141] Detection of p-galactosidase gene expression, X-gal staining: PANC-1, CAPAN-1, 
MIA-1, A549, and T47D cells were transfected with either RIP-LacZ or RSV-LacZ (provided by 
Dr. Jeff Rosen, Department of Cell Biology, Baylor College of Medicine). RSV-LacZ served as 
a positive control to ensure that all cells were sufficiently transfected. Thirty-six hours post 
transfection, cells were stained with X-gal staining solution by first washing the cells with cold 
PBS (twice) and fixing them with 0.5% glutaraldehyde for 5 minutes. Cells were then washed 
again with cold PBS (twice), and a X-gal staining solution (containing 1M MgCh, 5M NaCl, 
0.5M HEPES, pH 7.3, 30mM potassium ferricyanide, and 2% X-gal solution) was added. Cells 
were then incubated at 37°C for 6-24 hrs to develop the color. 

[142] As shown in Table 1, despite the variety of cell types, only the human pancreatic 
ductal carcinoma cell line PANC-1 demonstrated any significant blue color after transfection 
with RIP-LacZ (n=32, p< 0.05). 

Table 1 



Cell Type 


PANC-1 


CAPAN-1 


MIA-1 


A549 


T47D 


RIP-LacZ 
expression 


8% A 


0% 


0% 


0% 


< 0.01% 


RSV-LacZ 
expression 


8%* 


0% 


8%' 


9% r 


6%' 
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[143] Table 1 : Representation of LacZ expression after transfection with RIP-LacZ or RSV- 
LacZ and X-gal staining. Results verified by an independent observer and recorded as either 
positive or negative for blue color. Note that neither the RIP-LacZ nor the RSV-LacZ 
demonstrated any staining for the CAPAN-1 cells. N=32 for each cell type, A p<0.05, PANC-1 
with RIP-LacZ vs MIA-1, A549, and T47D with RIP-LacZ, ANOVA. *p=NS, PANC-1 with 
RSV-LacZ vs MIA-1, A549, and T47D with RSV-LacZ, ANOVA. T p<0.05, MIA-1, A549, and 
T47D with RSV-LacZ vs MIA-1, A549, and T47D with RIP-LacZ, chi square. 

[144] CAPAN-1 cells did not turn blue even with the RSV-LacZ construct while all of the 
other cells transfected with RSV-LacZ developed blue color after X-gal staining ensuring that 
they were adequately transfected. 

[145] Detection of (3-gaIactosidase gene expression using a luminometer: PANC-1, 
CAPAN-1, MIA-1, and A549 cells, which were transfected with either RIP-LacZ or RSV-LacZ, 
were also subjected to beta-galactosidase reporter gene assay (Tropix, Bedford, MA). The assay 
was carried out in triplicate. Protein levels were determined using Bradford's protein assay 
(Sigma, St. Louis, MO). Results were represented in light units and adjusted for protein content. 

[146] As shown in Table 2, transfection of RIP-LacZ resulted in a significant increase in 
beta-galactosidase protein levels in both PANC-1 and CAPAN-1 cells compared to A549 and 
MIA-1 cells. 

Table 2 



Construct 


PANC-1 


CAPAN-1 


A549 


MIA-1 


RSV-LacZ 


9.7 x 10 5 * 


9.1 x 10 5 * 


9.2 x 10 5 


9.5 x 10 5 


HV 


1.3xl0 5 * 


1.0x10 s * 


1.2xl0 5 


l.lxlO 5 


Untransfected 


1.2 x 10 5 * 


1.1 x 10 5 * 


1.3 x 10 5 


1.3 x 10 5 


RIP-LacZ 


3.8 x 10™ 


4.2 x 10 5A 


1.2 x 10 5 


1.2 x 10 5 



[147] Table 2: Beta-galactosidase activity in PANC-1, CAPAN-1, A549, and MIA-1 cells 
thirty-six hours post-transfection with either RSV-LacZ, a hollow vector (HV), nothing or RIP- 
LacZ. Data represented in light units and adjusted for protein content. n=6, A p<0.05, ANOVA, 
*p=NS. 
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[148] All cell types demonstrated and equal amount of beta-galactosidase after transfection 
with RSV-LacZ ensuring that both A549 and MIA-1 cells were adequately transfected. 
Background light units were also equal between cell types (Table 2). 

[149] Ganciclovir dose response curve for cells in culture: PANC-1, CAPAN-1 MIA-1 
and A549 cells were plated into a ninety-six well plate at a density of 5,000 cells per well and 
given between 0 to 500 ng/ml of GCV to determine a dose response curve to GCV alone. The 
cells were treated for five days and cell viability was ascertained with an MTS assay. Results 
were plotted on a graph as OD 490 nm vs. GCV concentration. 

[ISO] PANC-1, CAPAN-1, A549, and MIA-1 cells were transfected with a control vector, 
RSV-LacZ, or RIP-LacZ plasmid for 36 hours. Cells were washed and collected. The P- 
galactosidase activity from each transfection was determined using a luminometer. Data was 
obtained in light units, and was corrected for protein content (Fig. 5A). The vertical axis is in 
light units per jig/ml protein. As shown in Fig. 5 A, GCV dosages greater than 50 \xg/m\ 
significantly decreased untransfected PANC-1 and A549 cell OD 490 compared to cells that 
received no GCV (n=8, p<0.05) Specifically, Fig. 5 A is a dose response curve for PANC-1 cells 
given GCV. Note that at concentrations of GCV greater than 50 ng/ml, a significant decrease in 
cell survival was observed, n=8, *p<0.05, unpaired Student t-test. This determined that 20 ^g/ml 
is the maximum dose of GCV one can use to treat PANC-1 cells in culture, and was used for 
subsequent experiments. PANC-1, CAPAN-1, A549, and MIA-1 cells were transfected with 
RIP-tk, U-tk (tk with a ubiquitous promoter), HV (hollow vector), or UT (untransformed) for 36 
hours in order to assay cell death. All cells were treated for five days with either 15 or 20 ug/ml 
of GCV. Cell viability was determined by an MTS assay (Promega, Madison, WI). The data is 
shown in FIG. 5B. The vertical axis is percent cell death. As shown in Fig. 5B, GCV dosages 
greater than 20 ng/ml significantly decreased untransfected CAPAN-1 and MIA-1 cell OD 490 
compared to cells that received no GCV (n=16, p<0.05). Specifically, Fig. 5B is a dose response 
curve for CAPAN-1 cells given GCV. Note that at concentrations of GCV greater than 20 ng/ml, 
a significant decrease in cell survival was observed, n=8, *p<0.05, unpaired Student t-test. This 
determined that 15 ^ig/ml is the maximum dose of GCV one can use to treat CAPAN-1 cells in 
culture, and was used for subsequent experiments. 
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[151] Treatment of transfected cells with ganciclovir: PANC-1, CAPAN-1, MIA-1 and 
A549 cells were transfected with either RIP-tk gene, a hollow vector control (HV), or with 
thymidine kinase construct that was driven by a ubiquitous promoter (U-tk) (provided by Dr. 
Fanco DeMayo, Departments of Cell Biology and Pediatrics, Baylor College of Medicine). 
Twenty-four hours post transfection the cells were re-plated into ninety-six well plates at a 
density of 5,000 cells per well, and subjected to GCV treatment at a dose of 15-20 |ig/ml. The 
media was refreshed daily. Cell viability was determined by using an MTS assay (Promega, 
Madison, WI) read at an absorbency of 490nm. Percent cell death was calculated utilizing the 
following formula: A-B X 100 

A 

where A is the absorbency at 490nm of transfected cells not treated with GCV and B is the 
absorbency at 490nm of transfected cells treated with GCV. Cell survival was calculated by 
subtracting the percent cell death from one hundred. Untransfected cells (UT) were also treated 
with ganciclovir to determine the effect of GCV alone on cell death. 

[152] As shown in Table 3, in cells transfected with the RIP-tk genetic construct both the 
PANC-1 and CAPAN-1 cells demonstrated a significant increase in cell death; 31 ± 0.1% and 13 
± 0.1% (Table 4). Both MIA-1 and A549 cells failed to show any significant increase in cell 
death with the RIP-tk gene. 



Table 3 





RIP-tk 


U-tk 


HV 


UT 


PANC-1 


31 ±0.1 A * 


25 ± 0.3 


0±0.1 


4±0.1 


A549 


2±0.1 


30 ±0.1 


2 ±0.1 


4±0.1 


CAPAN-1 


13±0.1 TA 


8 ±0.1 


0±0.3 


4±0.1 


MIA-1 


0±0.1 


7 ±0.1 


0±0.1 


0±0.1 



[153] Table 3: Percent cell death for PANC-1, CAPAN-1, A549, and MIA-1 cells 
transfected with RIP-tk, U-tk (tk with a ubiquitous promoter), HV (hollow vector) and UT 
(untransfected). All cells were treated for five days with 20 ng/ml of GCV. Cell viability 
ascertained by an MTS assay (Promega, Madison, WI). A p<0.05, PANC-1 with RIP-tk vs. A549 
and MIA-1 with RIP-tk and PANC-1 with HV and UT. *p=NS, PANC-1 with RIP-tk vs. 
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PANC-1 with U-tk and A549 with U-tk. T p<0.05, CAPAN-1 with RIP-tk vs. A5491 and MIA-1 
with RIP-tk and CAPAN-1 with HV and UT. A p=NS, CAPAN-1 with RIP-tk vs. CAPAN-1 with 
U-tk and MIA-1 with U-tk. 

[154] None of the cell types demonstrated any significant increase in cell death following 
transfection with the negative controls, hollow vector (HV) or with GCV treatment alone (UT) 
(Table 3). All cell lines with the positive control U-tk demonstrated a significant increase in cell 
death (Table 3). The data suggest that all cell types were sufficiently transfected and susceptible 
to the cytotoxic effects of tk followed by GCV. 

[155] RNA isolation and RT-PCR Analysis of RIP transcription factors PDX-1 and 
BETA-2: PANC-1, CAPAN-1, and MIA-1 total RNA was extracted using RNAzol™ (Tel-Test, 
INC., Friendswood, TX). Cells were grown to confluence in large vented flasks. Media was 
removed and 5 ml of RNAzol™ was added. Cells were removed and placed on ice for fifteen 
minutes. 500 pi of chloroform was added and the cells were spun for fifteen minutes at 10,000 
rpm at 4°C The aqueous phase was removed and mixed with an equal volume of isopropanol 
and placed at 4°C for fifteen minutes and then spun for fifteen minutes at 15,000 rpm at 4°C. The 
pellet was then washed with 70% ethanol and re-spun at 15,000 rpm, and then dried. 

[156] Reverse transcriptase polymerase chain reaction (RT-PCR) was performed using 
SUPERSCRIPT™ Preamplification System for First Strand cDNA Synthesis kit (Gibco-BRL, 
Bethesda MD). Primers specific for human PDX-1 RNA (forward bps 192-210, 
gggaacgccacacagtgcca (SEQ ID NO: 10) and reverse bps 644-624, gtaccctttccgtcgacctg (SEQ ID 
NO: 11) and primers specific for both human and mouse BETA-2 RNA (forward bps 944-964, 
cgccgagtttgaaaaaaatt; SEQ ID NO.7, and reverse bps 1227-1207, tttttccgacggaagacatt; SEQ ID 
NO: 8), (BETA-2 primers were provided by Dr. Ming-Jer Tsai, Department of Cell Biology, 
Baylor College of Medicine) were used. Standard 0-actin primers were used as controls. PCR 
program for all three primers was as following: 2 min 94°C; then thirty cycles of 1 min 94°C, 1 
min 55°C, and 1 min 72°C; and 5 min 72°C for finishing. 5 pi of the PCR reaction was run on gel 
electrophoresis. 
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[157] A 400 bp band identified a positive for PDX-1 and a 300 bp band identified a positive 
for BETA-2. NIT-1 cell (mouse P-cell adenoma cell line) RNA was used as a positive control for 
the BETA-2 25 primers. 

[158] PDX-1 RNA was identified in PANC-1 and CAPAN-1 cells (Fig. 5C). BETA-2 RNA 
was not found. BETA-2 RNA was identified in a NIT-1 cell line control (Fig 5C). MIA-1 cells 
contained no RNA for either PDX-1 or BETA-2 (Fig. 5C). Specifically, Fig. 5C is a gel 
electrophoresis for RT-PCR products of PANC-1, CAPAN-1 and MIA-1 RNA with primers 
specific for PDX-1 (odd lanes) and BETA-2 (even lanes). 

[159] Nuclear extracts and electrophoretic mobility-shift assays (EMSA): Nuclear 
extracts were isolated as described by Olson et al. (Olson L, et al, 12(2) MOL. ENDOCRINOL. 
207-219 (1998)). Protein levels were determined using Bradford's protein assay (Sigma, St. 
Louis, MO). A double-stranded oligodeoxynucleotide probe to the PDX-1 site within RIP (bp 
350-381 on RIP TTGGCCATCGTCTGATCCAACCCTTAATGGGAC; SEQ ID NO:9) was 
labeled with a 32 P dGTP by filling overhanging 5' ends with Superscript™ (Gibco-BRL, 
Bethesda MD.) Binding reactions were performed with 1.5 ug of protein and 1 ul hot probe per 
lane on a 5% acrylamide gel with either nuclear extract alone, 100X cold wild type probe, or 
100X cold mutated probe to assess protein binding (the mutated probe contained the same 
sequence of REP as the wild type probe except the PDX-1 binding site was altered from 
CTTAAT (SEQ ID NO:4) to CTCCCC (SEQ ID NO: 12)). Supershift analysis for PDX-1 
binding activity was performed by the addition of 1 ul of anti-N-terminal XIHbox8 antibody 
(provided by Dr. Christopher Wright, Department of Medicine, Vanderbilt University School of 
Medicine). 

[160] Nuclear extract from PANC-1 and CAPAN-1 cells bound to the RIP primer 
containing a PDX-1 binding site. The binding was effectively inhibited by cold primer and not 
by cold mutated primer (same sequence of RIP with the PDX-1 binding site altered, CTTAAT 
(SEQ ID NO:4) to ATATAC (SEQ ID NO: 13)). A supershift was observed using the XIHbox8 
antibody (Figs. 6A and 6B). 

[161] Results are shown in Figs. 6A and 6B. Specifically, Fig. 6A is an EMSA of PANC-1 
nuclear extract mixed with a 32 P dGTP labeled RIP primer containing a PDX-1 binding site 
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(CTTAAT; SEQ ED NO:4). Lane 1 is nuclear extract with hot probe alone. Arrow denotes 
prominent band. Lane 2 is nuclear extract with hot probe and 100X competitor cold probe. Note 
that a band is no longer present. Lane 3 is nuclear extract with hot probe and 100X competitor 
cold mutated probe (PDX-1 site in RIP is mutated to ATATAC (SEQ ID NO: 13). Note that a 
band is present. The mutated probe is unable to compete the hot probe off the nuclear extract. 
Lane 4 is nuclear extract with hot probe plus 1 \il of XIHbox8 antibody (specific for PDX-1). 
The arrow denotes the supershift. 

[162] Fig. 6B is an EMS A of CAPAN-1 nuclear extract mixed with a 32 P dGTP labeled RIP 
primer containing a PDX-I binding site (CTTAAT; SEQ ID NO:4). Lane 1 is probe alone. Lane 
2 is nuclear extract with hot probe alone. Arrow denotes prominent band. Lane 3 is nuclear 
extract with hot probe and 100X competitor cold probe. Note that a band is no longer present. 
Lane 4 is nuclear extract with hot probe plus 1 \il of XIHbox8 antibody (specific for PDX-1). 
The arrow denotes the supershift. Lane 5 is nuclear extract with hot probe and 100X competitor 
cold mutated probe (PDX-1 site in RIP is mutated to ATATAC; SEQ ID NO: 13). Note that a 
band is present. The mutated probe is unable to compete the hot probe off the nuclear extract. 

[163] Generation of mutated RIP-LacZ: Two oligonucleotides were designed to PCR 
amplify RIP and mutate the PDX-1 binding site found at 430. The sequence was mutated from 
CTTAAT to ATATAC The 5' oligonucleotide contained a Hindlll binding site (sequence 
GAAAGCTTTCTGCTTTCCTTCTACCTC (SEQ ID NO: 14) and the 3' oligonucleotide 
contained a Bglll restriction site (in bold, SEQ ID NO: 15, sequence 
TCTAGAGCTTGGACTTTGCTGTTTGTCCC GTATAT GGTGGATCAGCAGV The 
restriction sites were added to facilitate construct formation. The PCR program was as following: 
2 min 94°C; then thirty cycles of 1 min 94°C, 1 min 55°C, and 1 min 72°C; and 5 min 72°C for 
finishing. 5 ul of the PCR reaction was run on gel electrophoresis. A sole 450 bp band identified 
the PCR product which was then ligated into a TA cloning vector (Invitrogen, Carlsbad, CA). 
The ligation was confirmed with EcoRI and the identification of a 450bp band. Gene sequencing 
of the vector was performed (Core Sequencing Facility, Baylor College of Medicine). 

[164] To create the mutated RIP-LacZ construct the mutated RIP was isolated from the TA 
cloning vector by digesting with Bglll and Hindlll. The isolated mutated RIP promoter was then 
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ligated with the PD46.21 vector after it was digested with Hindlll and BamHI. This ligation was 
verified with Hindlll and Cla I with a 1.5 Kb band. 

[165] Comparison of mutated RIP-LacZ and wild type RIP-LacZ: PANC-1 and 
CAPAN-1 cells were transfected with either the mutated RIP-LacZ or the wild type RIP-LacZ as 
described above. Thirty-six hours post transfected the cells were subjected to beta-galactosidase 
reporter gene assay (Tropix, Bedford, MA). The assay was carried out in triplicate. Protein levels 
were determined using Bradford's protein assay (Sigma, St. Louis, MO). Results were 
represented in light units and adjusted for protein content. 

[166] As shown in Table 4, transfection of wild type RIP-LacZ resulted in a significant 1 
increase in beta-galactosidase protein levels in both PANC-1 and CAPAN-1 cells as compared to 
the mutated RIP-LacZ. 

Table 4 



Construct 


PANC-1 


CAPAN-1 


RIP-LacZ 


1.0 x 10 5 * 


1.4xl0 5A 


mRIP-LacZ 


2.5 x 10 4 


4.8 xlO 4 



[167] Table 4: Beta-galactosidase activity in PANC-1 and CAPAN-1 cells thirty-six hours 
post-transfection with either RIP-LacZ or a mutated RIP-LacZ (mRIP-LacZ). Data represented in 
light units and adjusted for protein content (n=8) *p<0.05, PANC-1 RIP-LacZ vs PANC-1 
mRIP-LacZ, chi square. A p<0.05, CAPAN-1 RIP-LacZ vs CAPAN-1 mRIP-LacZ, unpaired 
Student's t-test. 

[168] Treatment of human ductal pancreatic adenocarcinoma tumors in vivo: Female 
ICR/ scid mice, age 6-10 weeks old underwent intraperitoneal (IP) injections of 5 x 10 5 PANC-1 
cells or the negative control PBS as described (Schwartz RE, et al, 126(3) SURGERY 562-567 
(1999)). At day 21 the mice were randomized to receive the RIP-tk gene (n=9), the RIP-LacZ 
gene (n=9), or PBS (n=6), followed by 7 days of GCV (40mg/kg IP). Six mice received seven 
days of PBS IP. Genes complexed with 20mM extruded DOTAP: cholesterol were delivered IP 
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for in vivo gene delivery (Smyth-Templeton N, et al., 15 NATURE BIOTECHNOL. 647-652 25 
(1997)). 

[169] Three additional mice inoculated with PANC-1 cells received the RIP-LacZ gene and 
were sacrificed thirty-six hours later. Brain, heart, lung, liver, small bowel, spleen, kidney, and 
pancreas were fixed in 5% glutaraldehyde for one hour, stained with X-gal staining solution for 
twenty-four hours, and then counterstained with nuclear fast red. Analysis of treatment and gene 
placement consisted of size of the tumor and presence of blue color after X-gal staining. 

[170] Twenty-one days post tumor the mice were randomized (n=6 per group) as follows: 
1) PANC-1, RIP-tk and GCV; 2) PANC-1, RIP-LacZ and GCV; 3) PANC-1 and GCV only; and 
4) PANC-1 and PBS only. GCV was given at 40mg/kg IP BID for 7 days to activate the tk. 
Additional injected mice with tumors (n=3) received RIP-LacZ and their tissues were fixed and 
stained with X-gal. Study endpoints consisted of monitoring tumor size and the presence of blue 
cells after X-gal staining. 

[171] Results are shown in Fig. 8. Fig. 8 is a photograph of X-gal stained PANC-1 cells. 
PANC-1 cells were effectively targeted with the RIP-LacZ gene in vivo; only the PANC-1 cells 
stained blue. The in vivo delivery of RIP-tk in combination with GCV resulted in a significant 
decrease in tumor burden in mice; the combination killed all PANC-1 tumors in eight of nine 
mice (p<0.05 compared to all other groups, ANOVA). Mice that received PANC-1 cells and 
treated with RIP-LacZ (the vector control) and mice treated with only GCV developed large peri- 
pancreatic intraperitoneal tumors. 

[172] Statistics: All cells used in the experiment were compared using both ANOVA and 
chi square after X-gal staining. The light units were adjusted for protein content and compared 
using an unpaired Student's t-test. Cell survival was compared between different constructs and 
cell lines with ANOVA. Tumor sizes were compared using ANOVA. P < 0.05 represented 
significance. 
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EXAMPLE 3: HUMAN DUCTAL PANCREATIC ADENOCARCINOMA CELLS THAT 
EXPRESS PDX-1 CAN BE TARGETED WITH A RIP-TK GENE 

[173] RIP-LacZ was created and transfected into CAPAN-1 (C-l) and MIA-1 (M-1) cell 
lines. RDP-tk was created and transfected into C-l and M-1 cell lines. Tk driven by a ubiquitous 
promoter (U-tk), a hollow vector (HV) and untransfected cells (UT) were used as controls. Cells 
were treated for five days with 1 5 |!g/ml of ganciclovir and cell viability was assessed during a 
MTS assay. RT-PCR was performed on C-l and M-1 RNA with primers specific for PDX-1 and 

JLJTJU* JL J. X. 11UV1VU1 v/\U UVl 11U1U V^ - X VV11J VVUJ JUl/JVVLVU I.W CI gWl Oil lit U,OOU,Jf Willi C4.ll C111L1 KJ\J\uy \,\J 

PDX-l. A PDX-l binding site on RIP was mutated (mRIP) with PCR and a mRIP-LacZ 
construct was created and transfected in C-l cells. Results are shown in Table 5. 

Table 5 



f 


Lesults: LacZ expression (LU) 


Percent Ce 


II Death 




RIPZ 


RSVZ 


mRIPZ 


RIP-tk 


U-tk 


HV 


UT 


C-l 


4.2 x 10 5 


9.1 x 10 5 


l.4x 10 5T 


I3±.l* 


8±.l 


0±.l 


4±.l 


M-l 


l.2x 10 5 


9.5 x 10 5 




0±.l 


7± .1 


0±.l 


0±.l 



[174] Table 5: A p<0.05 C-l RIP-LacZ vs. M-1 RIP-LacZ, and T p<0 °5 C-l mRIP-LacZ vs. 
C-l RIP-LacZ, students t-test. *p<0.05 C-l RIP-tk vs. M-1 RIP-tk and negative controls, 
ANOVA. 

[175] Neither cell type contained RNA for BETA-2, however C-l cells contained RNA for 
PDX-1. The nuclear extract of C-l cells bound to the PDX-1 sequence of RIP (CTTAAT) and a 
super shift was observed with the PDX-1 antibody. 

[176] The data confirm that RIP can drive the expression of a gene in human PDA cells. 
Additionally, the transcription factor PDX-1 is useful for promoter activation in human PDA 
cells. 
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EXAMPLE 4: SELECTIVE HUMAN PANCREATIC CANCER TARGETING USING 
AN RIP-TK CONSTRUCT (IN VITRO DATA). 

[177] This example further demonstrates that a human pancreatic ductal carcinoma cell line 
(PANC-1) may be selectively targeted using the rat insulin promoter (RIP) and that PANC-1 
cytotoxicity may be induced using RIP with the thymidine kinase gene (tk). 

[178] 0.502 kb of RIP was ligated to LacZ and transfected into human cancer cell lines: 
PANC-1, lung (A549), and breast (T47D), in vitro. Analysis of LacZ gene expression was by X- 

rro 1 ctoininrr T? TT> uric o1 cr\ lirrotorl +r\ fir /X? TD_+IA ntrtA +mr\c<Pckr'+t*A in^A D A\TP_1 A^/IO r»o1 1 c 

uiuiuui^. ivn t>uo ttiDvs nguivu in. yj.vjj. ~ lxv j uuu u uiuivvivu liitu jl j. *_l i a unu ^ i ^ vviu. 

[179] Untransfected cells (UT) and a hollow vector (HV) served as negative controls, while 
tk under the control of a ubiquitous promoter (M-tk) served as a positive control. Cells were 
treated daily with ganciclovir (GCV). Viability was measured on day six using an MTS assay. 
Results are shown in Table 6. 



Table 6 





Percent Cell Deal 


h 


Cell 


LacZ % 


RIP-tk 


M-tk 


HV 


UT 


PANC-1 


30 


31 ± .1* 


25 ±3 


0±.l 


4±.l 


A549 


0 


2±.l 


30±.l 


2±.l 


4±.l 


T47D 


< 1 











[180] Table 6:* p<0.05, A p<0-0001 compared to PANC-1 (HV & UT) and A549 (PJP-tk, 
HV, & UT), p=NS compared to M-tk for both cell lines, ANOVA (n=32). 

[181] The resulting data confirm that RIP can drive the expression of a gene in human 
pancreatic ductal carcinoma (PANC-1) cells. The RIP-tk gene resulted in PANC-1 specific 
cytotoxicity as effective as M-tk. Thus, it can be concluded that PANC-1 can be targeted with 
RIP. 
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EXAMPLE 5: (3-CELL SPECIFIC CYTOTOXICITY USING RIP-TK CONSTRUCT (IN 

VITRO DATA) 

[182] This example demonstrates the use of the rat insulin promoter (RIP) will result in the 
P-cell specific expression of a transfected gene and that one can induce P-cell specific 
cytotoxicity using RIP with the thymidine kinase gene (tk). 

[183] 0.502 kb of RIP was ligated to the reporter gene LacZ and transfected into several cell 
lines: insulinoma (NIT-1), embryonic carcinoma (F9), fibroblast (3T3), and lung (H441) cells in 
vitro. X-gal staining analyzed the LacZ gene where blue nuclei represented cellular expression. 
RIP was ligated to tk and transfected into NIT-1 and F9 cells. A hollow vector (V) and tk under 
the control of a ubiquitous promoter (MC-l-tk) were used as negative and positive controls, 
respectively. The cells were treated daily with ganciclovir (GCV). Cell viability was ascertained 
on day six using an MTS assay. Results are shown in Table 7. 



Table 7 



Results: 


NIT-1 


F9 


3T3 


H441 


N = 16 per cell type 


LacZ Expression 


++++ 









[184] The bar graphs in Fig. 9 depict the cell survival percentages of NIT-1 and F9 cell 
lines following transfection and GCV treatment. The cells were transected with vectors encoding 
either RIP-tk (test), tk under the control of a ubiquitous promoter as a positive control (MC-l-tk), 
and tk in a hollow vector as a negative control (V), followed by treatment with GCV in the 
indicated concentration. (*p < 0.05 via student t-test, n = 48 per construct.) 

[185] The data indicates that the RIP is a p-cell specific promoter. A P-cell specific and 
GCV dose dependent decrease in NIT-1 cell survival was demonstrated with the RIP-tk gene. F9 
cell death was shown using the MC-l-tk gene at similar doses of GCV, but not with the RIP-tk 
gene indicating that B-cell targeted cell death can be accomplished by the tissue specific 
expression of tk by RIP. 
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EXAMPLE 6: NIT SPECIFIC KILLING WITH RIP-TK (IN VITRO DATA) 

[186] This is another example of NIT targeted cytotoxicity in vitro. Two genetic constructs 
were created, RIP-LacZ and RQMk. The RIP-LacZ construct was delivered into NIT-1 cells and 
control cell lines. Only NIT-1 cells stained blue following X-gal staining, demonstrating NIT-1 
specificity of RIP. Secondly, NIT-1 cells and control cells were transfected with RIP-tk 
construct, then treated with GCV. A highly significant ablation of only NIT-1 cells was 
achieved, demonstrating the NIT-1 specific killing effect of RIP-tk (Tirone et al., ANNALS 
SURGERY, in press). 

[187] Using RNA isolated from NIT-1 cells, the presence of the RIP transcription factor, 
BETA-2, was demonstrated using RT-PCR. This observation supports the finding that the 
transcription factor BETA-2 regulates the effect of RIP-tk in an insulinoma cell line. 

EXAMPLE 7: ENHANCEMENT OF THE CYTOTOXIC EFFECT OF RIP-TK BY RIP 
TRANSCRIPTIONAL FACTORS BETA-2, GATA4, AND E47 

[188] BETA-2 forms heterodimers with E47 and GATA4 and enhances RIP driven gene 
expression in ((3-cells (German M, et al., 75J. MOL MED 327-340 (1997)). The cytotoxic effect 
of RIP transcription factors BETA-2, PDX-1, GATA4, and E47 in NIT-1 cells is assessed by co- 
transfecting these transcription factors with either RIP-tk or RJP-luciferase genetic constructs. 
Both cytotoxicity and luciferase activity is quantified. 

EXAMPLE 8: ALTERATIONS IN INSULIN SECRETION IN THE SSTR-5 KNOCK 
OUT MOUSE USING ISOLATED PERFUSED MOUSE PANCREAS MODEL 

[189] SSTR-5 knock out (KO) mice 3-months-old (n=6), SSTR-5 (somatostatin subtype 
receptor 5) KO mice 12-months-old (n=8), and age matched wild type (wt) controls (n=6 and 
n=8, respectively) were screened by Southern blots to determine their genotype. KO and wt mice 
3 and 12 months old (n=4 per group) underwent histological examination of islets by an 
independent pathologist. Pancreata were isolated as described elsewhere with the exception that 
all pancreata remained in situ throughout their perfusion. (Lenten S, 235(4) AM. J. PHYSIOL. 
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E391-E3400 (1979)). Single pass perfusion of isolated pancreata was performed using a Krebs 
buffer equilibrated with 95% 0 2 / 5% C0 2 containing 70mg% glucose for five minutes (basal) and 
300mg% glucose for an addition twenty-six minutes (stimulated). Basal insulin secretion, and 
glucose stimulated first and second phase insulin secretion were compared by calculating the 
area under the secretion vs. time curve utilizing the trapezoidal rule. (Chiou WL, 6(6) J. 
PHARMACOKINET. & BIOPHARM. 539-546 (1978)). Insulin was measured in duplicate 
using, ELISA presented as mean ± SEM in pg/ml. Statistical analysis was by ANOVA. 

[190] Histological sections of islets suggest there is no difference in islet cell morphology 
between 3 -month-old KO and 3 -month-old wt mice or 12-monlh-old KO and 12-month-old wl 
mice. There were no differences in weight between KO and aged match controls. There were no 
differences in basal insulin secretion between any of the mice. Additionally, glucose stimulation 
caused in a significant increase in insulin secretion compared to basal in all mice. Three-month- 
old KO mice demonstrated a blunted first phase that was significant compared to all other mice 
(Table 8 and Fig. 7). Twelve-month-old KO mice demonstrated a significant augmentation of 
both first phase and second phase compared to all other groups Results are shown in Table 8 and 
Fig. 7. 



Table 8 





K0 3mo 


WT3mo 


KO 12mo 


WT 12mo 


Basal 


254 ±9 


279 ± 5 


301 ± 11 


266 ± 10 


1st Phase 


248 ± 10** 


318 ±7* 


590 ± 17 A * 


417 ± 19* 


2nd Phase 


435 ± 9* 


457 ± 9* 


767 ± 18 + * 


417 ±9* 



[191] Table 8: Average insulin levels in pg/ml. Basal insulin levels across all groups were 
similar (p=NS). *A11 mice experienced significant glucose stimulated insulin secretion compared 
to basal levels, p<0.05. *Three-month-old KO mice demonstrated a blunted first phase compared 
to all other groups, p<0.05. Twelve month-old KO mice demonstrated an increased first phase 
compared to all other groups, p<0.05. + Twelve month KO mice demonstrated an increased 
second phase compared to all other groups, p<0.05. 
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[192] Fig. 7 is a glucose stimulated insulin versus time curve for 3-month-old and 12- 
month-old SSTR-5 KO and wt mice. Glucose stimulation with 300 mg% glucose started at time 
zero. There was no significant difference in basal insulin levels across all groups and all animals 
had a significant increase in insulin secretion compared to basal levels. Note the blunted first 
phase response seen in 3-month-old KO mice and the augmented first and second phase response 
seen in 12-month-old KO mice. 

EXAMPLE 9: INTRAISLET SOMATOSTATIN 

[193] Preliminary data suggest the presence of delta-to-beta cell endocrine axis within the 
islet in which intraislet somatostatin inhibits insulin secretion. The purpose of this example is to 
prove the following hypotheses: 1) intraislet somatostatin inhibits insulin secretion via a delta-to- 
beta cell endocrine axis in the human, rat and mouse pancreas and that the effect is glucose- 
dependent; 2) the somatostatin receptor subtype responsible for the inhibition of insulin is 
species-specific; and 3) genetic ablation of the somatostatin receptor subtype-5 will alter insulin 
secretion and glucose homeostasis in the mouse. 

[194] The effect of intraislet somatostatin is determined by examining the insulin response 
to immunoneutralization of intraislet somatostatin with antibodies and FAb fragments of 
antibodies directed against somatostatin in isolated perfused human, rat and mouse pancreas 
models. Electron microscopy is used to help to determine the compartment of 
immunoneutralization. 

[195] The somatostatin receptor subtype responsible for the inhibition of insulin is 
determined by examining the response of insulin secretion to infusions of specific somatostatin 
receptor subtype agonists in these models. Immunohistochemistry is performed using polyclonal 
antibodies directed against SSTR 1-5 to determine which receptor subtypes are present in the 
human, rat and mouse pancreas. The somatostatin receptor subtype-5 appears responsible for the 
inhibition of mouse insulin secretion. Thus, two models are developed using state-of-the-art 
transgenic techniques: the first is a total somatostatin receptor subtype-5 gene ablation model 
and the second is a (5-cell-specific somatostatin receptor subtype-5 gene ablation model. In vivo 
and in vitro physiology studies are performed in these mice to determine the effect of genetically 
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altering the delta-to-beta cell endocrine axis on insulin secretion and glucose homeostasis. The 
pancreas of the gene-ablated mice are studied using immunohistochemistry with antibodies 
directed against the somatostatin receptor subtypes to determine if the somatostatin receptor 
subtypes are altered in the islets of the gene ablated mice. 

[196] Other studies involve a p-cell specific BETA-2 knockout mouse model and promoter 
analysis of the SSTR-5 gene including the role of the transcription factor BETA-2 in activation 
of the SSTR-5 gene and insulin expression. The results will elucidate physiologic mechanisms 
regulating insulin secretion and determine whether there are species differences in this 
regulation. Furthermore, pathophysiologic consequences to genetically altering these 
mechanisms may be determined. 

[197] Other embodiments and uses of the invention will be apparent to those skilled in the 
art from consideration of the specification and practice of the invention disclosed herein. All 
references cited herein, including the priority documents and all U.S. and foreign patents and 
patent applications, are specifically and entirely incorporated by reference. It is intended that the 
specification and examples be considered exemplary only, with the true scope and spirit of the 
invention indicated by the following claims. 

[198] What is claimed is: 
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